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ADDENDUM
In order for NASAto pursue its role in space programs as established by Federal
legislation while ensuring public safety and security for NASAfacilities, it
has been necessary for NASAto establish zones where, and times when, portions
of tne Kennedy Space Center are closed to public access. Security and •safety
zones for expendable launch vehicles lie within restricted areas of the Kennedy
Space Center and the Cape Canaveral Air Force Station; however, before, during ,
and after a Space Transportation System (STS) launch, safety and security measures
will require closure of certain additional areas (including certain lands managed
by the DOI under Public Law 93-626, Canaveral National Seashore, and in accordance
with the NASA/DOIAgreement, April 2, 1975).
Subsequent to the completion and printing of this Final Environmental Impact
Statement, NASA and the Department of Defense identified additional STS
requirements that will mandate closure of State Road (SR) 402 (Beach Road) for
longer periods than were initially predicted (Sections 4.4, 5.7.2.3, and 7.7).
There will be minor changes through 1984, but starting in mid-1986, it will be
necessary to close SR 402 I00 percent of the time. This may restrict •public
access to Playalinda Beach and certain surrounding wildlife viewing areas. •
Due to this change, NASAresponses to the Brevard County Board of CommissiOners
(p. 11-30, comment f) and the East Central Florida Regional Planning Council (p.
11-35, comment d), which referred to vehicle access to Playalinda Beach, are no
longer appropriate. Alternatives such as the use of alternate routes are still
being evaluated, but at the present time closure of SR 402 whenever flight
hardware is emplaced on either Launch Complex 39A or Launch Complex 39B (as was
done during the Apollo era) will best serve the national interest by affording
the Space Transportation System a more secure environment.
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2. BRIEF DESCRIPTIONOF ACTIONANDPURPOSE: This Environmental Impact State-
ment (EIS) supersedes and updates the original Institutional EIS for
Kennedy Space Center (KSC) dated August 1971 and Amendment 1 to the KSC
Institutional EIS dated August 1973. Prepared under the Guidelines of the
Council on Environmental Quality (CEQ), as amended August 7, 1973, this
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Refer to the topical index (appendixE) for specificlocationof each dis-
cussionarea.
4. ALTERNATIVESCONSIDERED. The alternativesconsideredare: discontinuance
or postponementof programs,recovery of Freon ll3, alternatemethods of
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and consumables.
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OVERVIEW
POTENTIALENVIRONMENTALEFFECTS
The potential environmental effects resulting from Kennedy Space Center (KSC)
institutional operations and Space Transportation System (STS) development
operations were discussed in the initial Environmental Impact Statement (EIS)
published in August 1971 and amended in August 1973. Since that time, the
National Aeronautics and Space Administration (NASA), in cooperation with
outside experts and other Government agencies, has pursued an aggressive and
comprehensive environmental program. A reassessment of the potential
environmental impacts has recently been completed and the results are
summarized as follows:
AIR QUALITY: The possible environmental effects on air quality imposed by KSC
operations can be attributed to six sources: (I) automotive vehicle
emissions, (2) waste products of fuel combustion by utilities, (3) waste
products of incineration, (4) exhaust effluents from space vehicle launches,
(5) aircraft exhaust emissions, and (6) chemical releases by venting and
evaporation.
A ground cloud will be formed by the Space Shuttle during launch, similar to
those produced in the past by Delta and Titan expendable launch vehicles but
larger in size. The Space Shuttle ground cloud will consist of (I) the
exhaust products from the Solid Rocket Boosters (SRB) and from the liquid
rocket main engines which ignite at launch, (2) the products of afterburning
in the exhaust plume, and (3) the water, air, and ground debris mixed with
exhaust gases at the launch area. The potential effects of the ground cloud
depend upon its movement, local meteorological conditions, and concentrations
of chemical constituents in the cloud.
Hydrogen chloride and aluminum oxide are the chemical constituents of primary
concern in the ground cloud. In order to gain the most comprehensive under-
standing of the characteristics and predictable impact of the ground cloud,
the following studies have been made and are continually being updated as new
information is collected:
a. Mathematical modeling of the ground cloud movement and diffusion
b. Extensive in situ measurements of similar but smaller clouds produced
by expendable launch vehicles
c. A long-term scientific laboratory and field study to detect impacts
on local flora and fauna
d. Establishment of sophisticated air monitoring stations to provide a
comparison between normal and post-launch air quality
vll_
Theseongoingeffortsare beingconductedto test predictionsthatthe Space
Shuttlewill not have a long-termimpacton air qualityand that short-term
exposureswill have no significantlong-termeffecton plantsand animalsor
on the humanenvironment.
WATER QUALITY. The possibleenvironmentaleffectson water qualityimposedby
KSC operations can be attributedto five sources: (I) water use, (2) dis-
charge from sewer plants, (3) rainwaterrunoff, (4) dredging,and (5) runoff
from washdown of components and equipment and other operations. Increased
future use of water is not expectedto be significantand none of the opera-
tions which produce waste water is expected to exceed State or Federal
standards. No measurablelong-termeffectsare expected.
The waterusedfor acousticdampingand facilitycoolingduringlaunchof the
SpaceShuttlewill be sampledfollowingthe firstlaunchto determineif par-
tial impoundmentand groundrunoffare environmentallyacceptable.
LAND QUALITY. The probable environmentaleffects on land quality imposedby
KSC operationscan be attributedto five sources: (l) facility construction,
(2) landfillfor solid waste disposal,(3) materialstorageareas, (4) receiv-
ing lands for effluentdischarge,and (5) tenant leases. All uses of land are
consistentwith past practicesand current dedicationfor KSC operations,and
a master planninggroup at KSC assurescontinuingcompatibilitywith local and
State of Florida land-useplans.
NOISE. Noise generatedby day-to-dayoperationsand by launchingand landing
operations can be attributed to five general sources: (I) Orbiter reentry
sonic boom, (2) noises at launch, (3) aircraft operations, (4) industrial
operations,and (5) traffic noises. Of these, only the reentry trajectory
will producesonic boom over populatedareas. Extensivestudiesof sonic boom
dynamics indicate that the maximum overpressureswill be in the range of
nuisance or annoyance. A program is planned for monitoring sonic boom gen-
erated by the first landingat KSC.
RADIATION IMPACTS. The sources of potential radiation impacts include both
ionizing and nonionizingradiation. The use of researchand flight sources
has been a part of the KSC program for many years, and strict local and
Federal controls apply to this area of activity. No adverse effects are
expected.
SOCIOECONOMIC IMPACTS. In the period following termination of the Apollo
program,high levelsof unemploymentand sharplycurtailedeconomicgains were
common in BrevardCounty, Florida. Area changes includeda drasticreduction
in the grade school populationand an influx of retiredpersons. The decision
to implementthe STS at KSC has had, and will continueto have, a stabilizing,
even mildly stimulatingeffect on the local economy. The necessaryservices
now exist in sufficient capacity to meet all projected needs of the area.
Beneficialimpactsfrom the STS programhave providedthe neededconfidenceto
establisha patternof long-term,gradualgrowth.
viii
WEATHER. Two areas of potential weather impact have been identifiedwith
Space TransportationSystem (STS)operationsat KSC: (1) acidic rain, and (2)
inadvertentweathermodification.
a. Acidic Rain. The hydrogen chloride present in a Space Shuttle ex-
haust cloud may, under recognized local meteorologicalconditions,
producean acidic rainfall. NASA has establishedand is continuing
a research program to model the potential for acid rain. Studies
have been conductedto assess the potentialeffects of acid rain on
the local environment. An extensive rain collectionnetwork and an
associatedanalysis laboratoryhave been establishedat KSC to col-
lect, analyze, and monitor current and future rain composition.
Initial results of this work indicate that acidic rain which might
occur would be localized, Probably not having measurable effects
beyond the boundaries of KSC. Observed effects of an acidic rain
having a very low pH (0.5 to 2.0) include abscission of leaves,
flowers, and fruits at the lowest pH, and slight spotting of these
sensitive plant parts at the higher pH. To date, no permanent
impairmenthas been identified. A laboratoryevaluationof leaching
effects of hydrogen chloride washout from the Solid Rocket Motor
exhaust indicatedthat the neutralizingcapabilityof the soil at KSC
is substantial. No long-termeffects on soil or water due to acidic
rain are expected.
b. InadvertentWeather Modification. The Space Shuttle exhaust cloud
might initiaterainfallif it encountersactive precipitationcells,
or might suppress rainfall if it encountersa shallow, warm cloud.
Results of such weather modificationare difficultto assess and its
occurrence is unlikely. The program of rainfallmonitoringand col-
lection, alreacLvunderw_ at KSC (July 1977 to present) to establish
a baseline for analyses of acidic rain, may provide meaningful
ground-basedobservationfor weather modificationstudies. In the
event that conclusiveevidencecannot be obtained,it may be possible
to choose launch times which coincide with favorablemeteorological
conditionsand so eliminatethe possibilityof weathermodification.
ECOLOGY. Based on the resultsof analysesperformedfor the preceding impact
areas, no long-term or cumulative effects are predicted for the abiotic,
biotic, or human health and welfare elements. Assessmentshave been made of
the potentialimpacton threatenedand endangeredspeciesand criticalhabitat
at KSC and no significant effects are expected. Consultations with the
appropriateagencieshave been initiated.
UNPLANNEDEVENTS. Adverse environmentalconsequencesof potentialmishapsfor
both the operationsand worst-caseevents have been assessed. No unacceptable
risks to the environmenthave been identified.
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SECTIONI
INTRODUCTION
I.I PURPOSE
The purpose of this Environmental Impact Statement (EIS) is to consolidate and
bringup to date the evaluations of environmental effects associated with cur-
rent and future activities at the National Aeronautics and Space Administra-
tion (NASA) John F. Kennedy Space Center (KSC) in Florida. This document
supersedes two previous environmental impact statements for the Kennedy Space
Center: (I) the original EIS of 1971 (reference I-I), which was descriptive of
the then-current activities, and (2) the Amendment No. 1 of 1973 (reference
I-2), which assessed the expected environmental effects of Space Shuttle
development and operations. Because this EIS is principally an update of
information pertainingto an ongoing program, it does not describe potential
effects of program alternatives on which decisions have been made. Some
alternative approaches to specific program operations at KSCremain under con-
sideration and are discussed herein.
1.2 SCOPE
As a fully revised institutional and programmatic EIS for KSC, this statement
includes consideration of the site specific environmental effects of all
development and operations activities at this installation. Specifically in-
cluded are facility development, industrial operations (those carried out on a
day-to-day basis independent of particular launch and landing operations),
system support operations (those carried out in support of a particular launch
or landing event), and space vehicle launches and landings (which are charac-
terized by their own unique environmental signatures). Systems support and
launch and landing activities include those associated with the Space Shuttle
itself, Spacelab, and Space Shuttle Upper Stages, all of which comprise the
Space Transportation System (STS). Coverage is also provided in this EIS for
expendable launch vehicle operations and activities associated with payloads
as presently identified both for the STS and for the expendables. Also, other
activities not related to space flight programs, such as the Merritt Island
National Wildlife Refuge and the Canaveral National Seashore, are included.
Global concerns and impacts due to manufacturing, test, transportation, or
flight outside the immediate locality of the John F. Kennedy Space Center are
the subject of program-oriented statements issued by NASA Headquarters,
Washington, D.C. or the NASAField Center responsible for program development
and so are beyond the scope of this document.
1.3 BACKGROUND
KSC is the principal site for launch of space systems by NASA. With the ad-
vent of the Space Shuttle, KSCwill become the principal launch and landing
site for the Space Transportation System as well. The environmental effects
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of activitiesat KSC have been the subject of a series of evaluations,and
NASA has previouslypreparedtwo EIS's describingthese effects.
The first of these, the InstitutionalEIS (referencel-l), was issued in 1971
and included a descriptionof the environmentaleffects associatedwith the
facilities and operations then in being or approved for construction and
operation. This includedthe remaininglaunch operations in the Apollo pro-
gram, the four Skylab launches,and a group of launchesof unmannedspacecraft
conducted by KSC utilizingthe Air Force Eastern Test Range (AFETR), Cape
Canaveral, Florida and the Air Force Western Test Range (AFWTR), Vandenberg
Air Force Base, California. That institutionalstatementwas intended as a
document descriptiveof environmentaleffects of ongoing activitiesand did
not give considerationto any specificproposedactions; it was intendedas a
baselinedocument,againstwhich any subsequentactionscould be assessed.
The secondKSC EIS, AmendmentNumberl to the InstitutionalEIS (SpaceShuttle
Developmentand Operation),was publishedas a draft in October 1972 and as a
final EIS in August 1973 (referenceI-2). This amendmentwas preparedto de-
scribe the predictedenvironmentaleffects at KSC and its environs that would
result from constructionand operationsactivitiesassociatedwith the Space
ShuttleProgram. The 1973 Amendmentl to the KSC InstitutionalEIS (reference
I-2) providedfor new facilities,six of which have since undergonechangesin
concept, location,or both, during programdevelopment,as depicted in figure
l-l:
a. Two facilities,a Landing,Deservicing,and Safing Facility (location
l) and a Maintenanceand Checkout Facility (location2), were origi-
nally conceivedas separateentities. As a result of costs and needs
for improved scheduling efficiency,the Orbiter Processing Facility
(OPF) (location2) was createdto fulfillthe functionsof both of the
proposed facilities. Becausethe OPF was constructedin a previously
disturbed area, northwestof the VehicleAssembly Building (VAB),ad-
verse environmentalimpact in the region of the proposedsite near the
Shuttle Landing Facility was avoided. Moreover, handling of toxic
substancesand of servicingfluids has been consolidatedinto a single
industrializedarea adjacentto the Space Shuttleassemblyarea.
b. Modificationsto the CrawlerTransporterparking area (location3) to
provide service pits and equipmentfor maintenanceand refurbishment
are under considerationbut have not been funded. Constructionof
this facility,if approvedand funded,will take place in a previously
disturbedarea. Alternatelocationsand solutionsfor current opera-
tions were studied and eliminatedfrom further considerationbecause
they would not meet the increasedmaintenancerequirementsduring the
Space TransportationSystem program.
c. New constructionat the VAB turn basin (location4) was originally
planned to accommodatethe entire Solid Rocket Booster (SRB) handling
sequenceof receiving,buildup, recovery,disassembly,and cleaning.
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The size and complexity of this facility and the required utilities
and rail services made this option very costly. Environmentalcon-
siderationsincludeduse of an existing navigablewaterway and avail-
abilityof previouslydisturbedland, but constructionof a new facil-
ity wouldhave requiredsome fill operations,bulkheading,and major
site work. Althoughan optimumchoice operationally,this alternative
was abandonedin favor of using existingfacilitiesand a more decen-
tralized approach. Costs were appreciably lower and environmental
impact from new constructionwas avoided. The current facilitybase-
line includes three areas for SRB work: (1) VAB Low Bay for SRB
component refurbishmentand subassembly(locationB); (2) VAB High
Bay for receivingand buildup (locationB); and (3) modificationto
Hangar AF to provide an SRB Recovery and DisassemblyFacility (RDF)
for receiving,disassembling,and cleaning retrieved SRB casings in
preparationfor vendorreloading. (See sectionII for details.)
d. The facility originally envisionedfor refurbishmentand testing of
Orbiter hypergolmoduleswas to be new constructionin an area between
the KSC IndustrialArea and the VAB (location5). To accommodatethe
hazardous operations inherent in the handling of hypergolicfuel and
oxidizer, the facility design incorporatedsafety and environmental
features which contributedto prohibitivecosts. The need to locate
the facility at a safe distance from other operations removed the
operational advantage of geographic proximity. Therefore, existing
Apollo facilitiespreviouslyused for similar operations and located
lO kilometers (6 miles) to the south of the VAB were selected (loca-
tion 5'). In addition to effectingconsiderablecost savings, use of
the Apollo facilitiesavoidedthe environmentalimpact resultingfrom
'new constructionwhile providinga degree of isolationfor hazardous
operations.
e. The ParachuteRefurbishmentFacility (location6) is essentiallythe
same as originally proposed except for modificationsto improve the
flow of materialsthroughthe sequenceof receiving,defouling,wash-
ing, rinsing,drying, refurbishment,and repacking. Two new building
segments have been added, requiringthe grubbing,clearing, grading,
and filling of about 405 square meters (O.l acre) of land and a new
38-centimeter(15-inch)drainageline.
Since the preparationof AmendmentNo. l (referenceI-2), NASA has implemented
the constructionand modificationactivities required to prepare for Space
Shuttle operationsat KSC and has moved far along towardsthe commencementof
Space Shuttle flight operations (scheduledto begin in 1979). During this
period, as design and constructionactivitiesprogressed,changes in design or
location of certain facilities and resulting environmental effects were
assessed. The remainingwork in progress and planned constructionfor the
future are describedin sectionII.
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During these same years, continuedresearchon the expected environmentalef-
fects of the Space Shuttletest and flight operationshas yielded considerable
new information;also, a number of design changes have altered somewhat the
previousestimatesof environmentaleffect. As a result of these continuing
assessments,NASA released, in May 1978, a revised final EIS for the Space
Shuttle Program (referenceI-3) incorporatingthe new informationand super-
seding the original 1972 program statement(referenceI-4). The new program
statement describes in detail the probable effects of Space Shuttle-related
activitiesthat are global or otherwisenot specificto a particularlocation
and summarizesthose effectsthat are peculiarto a particularlocale. Other
site specific EnvironmentalImpact Statements in the Space Shuttle group are
references I-5 through l-lO, the last being that of the United States Air
Force for Space Shuttle-relatedactivitesat the VandenbergAir ForceBase,
California. Expendablelaunch vehicleenvironmentaleffectsare describedin
referencel-ll, and Air Force operationsat the Cape CanaveralAir Force Sta-
tion (CCAFS)are discussed in reference1-12. All referencesare identified
in appendixB.
1.4 SECTIONCONTENT
The sectionsinto which this EIS is dividedare interrelated. While the topi-
cal index, appendix E, will direct the reader to a chosen area of interest,
unlisted portions of this documentmay be pertinentto a comprehensiveunder-
standing.
Section II providesa brief history of the Space Program at KSC and describes
past, present,and proposedSpace Program activities.
Section Ill describes the existing environmentat KSC as experiencedby the
human populationas well as the animal and plant life, includingendangered
andthreatened species.
Section IV defines the land-useplans and policies,and explains why certain
controlsand restrictionsmust be imposed.
SectionV detailsthe individualand collectiveexpectedenvironmentalimpacts
of the proposed action under normal, planned operations and the mitigating
measures proposed to maintain the effects at an acceptable level. Certain
unplannedevents are analyzed in recognitionof the fact that, though highly
improbable,they cannot be ignored.
SectionVI discusses,in additionto the "No-Action"alternative,seven alter-
nativesto variousactionswhich are presentlyunder investigation.
SectionVII discloses potentialunavoidableadverse environmentaleffectsand
methods to avoid or mitigate unacceptableimpacts.
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Section VIII explains the multiple long-termadvantagesof the Space Program
which will clearlycompensatefor the short-termuse of the environment.
Section IX itemizesthe expectedconsumptionof irretrievableresourcesby the
proposedaction as comparedto the presentdemandsof KSC operations.
Section X lists the present and future benefitsto mankind resultingfrom the
proposedaction.
Section Xl presents the letters received on the draft environmentalimpact
statementand NASA's reponsesto specificcomments.
The five appendicescontainthe followinginformation:
AppendixA definesthe abbreviationsand acronymsused herein and provides
conversion factors for values used in the text, figures, and
tables.
AppendixB providesthe sourcesof referenceddocuments.
AppendixC expands on the nature and habitatof endangeredand threatened
speciesof fauna found at KSC.
AppendixD containsdetailedbackgroundmaterial for sectionsII and V.
Appendix E lists and cross-referencesthe topics discussed in sections I
throughX.
•A vegetationmap of the area is includedin a pocket on the rear cover.
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SECTIONII
SPACEPROGRAMACTIVITIES
2.1 INTRODUCTION
This section describes space program activities at KSC and related operations
at Cape Canaveral Air Force Station (CCAFS) for which NASAhas a responsibil-
ity. Subsections describe the history of KSC development, Space Transporta-
tion System activities, expendable launch vehicle operations, support facili-
ties for space vehicles, and KSCfacilities operations which are required on a
daily basis, regardless of launch schedules.
2.2 HISTORY
The primary mission of the John F. Kennedy Space Center involves the launching
of space vehicles into Earth orbit and beyond, using chemically fueled rock-
ets. NASAbegan the KSC acquisition process in 1962, taking title to 33,952
hectares (approximately 84,000 acres) by outright purchase, and negotiating
with the State of Florida for use of an additional 22,600 hectares (about
56,000 acres) of submerged lands, most of which lie within the Mosquito Lagoon
(also known as the Indian River Lagoon). Thus, the total area of KSC is
slightly more than 56,500 hectares (140,000 acres). The southern boundary of
KSC runs east-west along the Barge Canal which connects Port Canaveral with
the Banana and Indian Rivers and parallels the southern tip of Cape
Canaveral. From that point, the tract extends northward about 48 kilometers
(30 miles) and is bounded on the east by the Atlantic Ocean and the CCAFS, and
on the west by the Indian River (figure 2-I). Under a 1972 agreement with the
U.S. Fish and Wildlife Service (FWS), and a 1975 agreement with the Department
of the Interior, the Merritt Island National Wildlife Refuge and most of the
Canaveral National Seashore (CNS) fall within the boundaries of KSC. By
creation of the CNS (Public Law 93-626), 16,605 hectares (41,000 acres) of the
CNS fe_l within the KSC boundaries. Today, almost 2,700 hectares (6,655
acres) are administered by the National Park Service (NPS) and 13,909 hectares
(34,345 acres) are under Merritt Island National Wildlife Refuge management.
By agreement, such use authorization and administration does not extend to
property related to the space program.
Since the space program began in the late 1950's, U.S. space missions have
been performed using a family of expendable launch vehicles. The Saturn vehi-
cles provided the launch capability for the manned lunar exploration program
(Apollo), the manned space station missions (Skylab), and the joint U.S.-
U.S.S.R. Apollo-Soyuz Test Project. The smaller Atlas and Delta launch vehi-
cles are currently used to launch a variety of automated spacecraft (e.g.,
communications satellites, weather satellites, Earth-orbiting scientific
satellites, and interplanetary exploratory spacecraft). Atlas and Titan vehi-
cles were also used for the early Mercury and Gemini manned flight progr_ns.
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These expendablelaunch vehiclesservedthe nation'sspace programwell;
however,theiruse is limitedbecauseof the cost incurredin constructinga
new vehiclefor each mission. In the late1960'sand early1970's,the need
was recognizedfor replacing(by the early 1980's)the currentexpendable
launchvehicleswith low-costreusablevehicles. The SpaceShuttlehas been
designedto fillthat need.
The SpaceShuttlewill make routinespaceoperationspossible. As shownin
table2-I,SpaceShuttleflightswillreplaceall NASAexpendablelaunchvehi-
cle missionsat KSC. Payloadscarriedto and fromEarthorbitwill include
crew-operated,personnel-tended,or fullyautomatedscientificor applications
satellites.Payloadswill be usedfor applicationsin Earthresources,envi-
ronmentalmonitoring,communications,meteorology,and geodesy. The Space
Shuttlewill providespacetransportationfor operationaland developmental
payloadsfor NASA,the U.S.Departmentof Defense(DOD),the NationalOceanic
and AtmosphericAdministration(NOA/\),and otherU.S. Governmentusers. It
will also accommodatethe spacetransportationneedsof futurecommercialand
internationalorganizationson a reimbursablebasis.
The launchprogramsat KSC can be dividedintotwo broadclasses,basedon the
typesof launchvehiclesused: (1) SpaceTransportationSystem(STS)vehi-
cles,whichwillfly numerousmissionson a reusablebasis,and (2)Expendable
LaunchVehicles,whichfly for only one mission,duringwhichthey are con-
sumed.
A third programarea, which does not involvelaunchesbut does relate directly
to environmentalmanagement,includesscientificapplicationsusing capabili-
ties and hardware developed by NASA. Science applicationsprojects at KSC
utilizeopticalequipmentand computersfor image enhancementand analysisto
enable interpretationof remote sensing data; computer models which are used
to develop tools for pollutionmonitoring;laser applicationswhich develop
advanced communicationtechniques;and a varietyof laboratoryprojectswhich
contribute to state-of-the-artadvances in technology. These projects con-
tribute to the new applied science and engineeringwhich will be needed for
future space program operations as well as in the transfer of space-derived
technologyto terrestrialapplications.
2.3 SPACE TRANSPORTATIONSYSTEM OPERATIONS
The STS is an integrated system consisting of the Space Shuttle Vehicle,
Spacelab(s),and Upper Stages. The STS will replaceall current NASA expend_
able rocket boostersexcept the smallerScout vehiclecurrentlylaunchedfrom
Wallops Island, Virginia and Vandenberg Air Force Base, California. This
sectiondescribeseach STS elementin relationto KSC operations.
2.3.1 SPACE SHUTTLE VEHICLE. The Space Shuttle flight system (figure2-2)
consists of an Orbiter, two Solid Rocket Boosters (SRB's), and an External
Tank (ET). The Orbiterand SRB's are reusableelements;an ET will be expend-
ed on each launch. The following descriptionsof the individualelements
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Table 2-I. KSC PredictedMission Model by Fiscal Year
Fiscal Yearl/ 79 80 81 82 83 84 85 86 87 88 89 90 91 92 Total
Space TransportationSystem FliQhts
Spacelab - - l 4 8 7 9 13 12 14 13 13 16 12 122
Upper Stages - - 6 9 8 14 18 17 13 21 17 21 15 13 172
Free-Flyers - - - 2 l 2 l 2 5 l 4 3 3 2 26
Other - 4* 2 l l 2 2 4 4 4 4 4 4 3 39
Total (STS) - 4* 9 16 18 25 30 36 34 40 38 41 38 30 359
, ExpendableLaunch Vehicles4=b
Delta 4 3 4 .... ....... II
Atlas-Centaur 2 5 3 ........... lO
Total (ELV) 6 8 7 ........... 21
Total KSC FliQhts 6 12 16 16 18 25 30 36 34 40 38 41 38 30 380
I/FiscalYear is GovernmentFiscal Year: l Octoberthrough 30 September. These data are
Talid as of January 1979 and may change as schedulesbecome betterdefined. Slippagesmay
cause lower flight rates during the initialyears, so this table may reflectmore traffic
than will occur.
*The September1979projectionfor FY 1980 is one STS launch.
Figure 2-2. Space ShuttleVehicle
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passing through the facilities illustrated in figures 2-3 and 2-4 are
presented to provide a comprehensive view of the Space Shuttle ground
processingroutine.
a. Space Shuttle Orbiter Operations. The Space Shuttle Orbiter
(figure2-5) will containthe crew and payloadfor the Space Shuttle
system. The Orbiter can deliver to orbit payloads of 29,500
kilograms (65,000 pounds) with lengths to 18 meters (60 feet) and
diametersof 5 meters (15 feet). The Orbiter is comparablein size
and weight to modern transport aircraft; it has a dry weight of
approximately 68,000 kilograms (150,000 pounds), a length of 37
meters (]22 feet), and a wingspanof 24 meters (78 feet).
The crew compartmentcan accommodate7 crewmembersand passengers (4
is the baseline)for some missions but will hold as many as I0 per-
sons in emergencyoperations.
The three main propulsionrocket enginesused during launch are con-
tained in the aft fuselage. The main engine propellantsare contain-
ed in the ET, which will be jettisoned before initial orbit inser-
tion. The orbital maneuveringsubsystem (OMS) is contained in two
external pods on the aft fuselage. These units will providethrust
for orbit insertion,orbit change, rendezvous,and return to Earth.
The reactioncontrolsubsystem(RCS) is containedin the two OMS pods
and in a module in the nose section of the forward fuselage. These
units will provide attitude control in space and precisionvelocity
changes for the final phases of rendezvous and docking or orbit
modification. In addition,the RCS, in conjunctionwith the Orbiter
aerodynamiccontrol surfaces,will provide attitude control during
reentry. Once de-orbit is initiated,the Orbiter glidesto the land-
ing site without further powered flight. The aerodynamic control
surfaces will provide controlof the Orbiter at speeds of less than
Mach 5. The Orbiter is designedto land at a speed of 95 m/sec (185
knots), similarto currenthigh-performanceaircraft.
The turnaroundflow for the Orbiter element initiatesprocessing in
one of two ways. Either an Orbiter in dormant stage will be ferried
to KSC or an Orbiterwill land at the KSC landing facility. In each
case, the Orbiter will be towed to the Orbiter Processing Facility
(OPF) and all Orbiter systemswill be deactivated. When access has
been provided,the hypergolmodules will be removed and sent to the
Hypergol MaintenanceFacility (HMF) for maintenance. Access to all
areas of the Orbiter will be provided to permit inspectionand to
begin specific maintenance. Part of this phase will include
"power-onfault isolation"to detect failures in redundantcircuits
not apparent from flight data. A significantpart of this mainte-
nance effort will be the evaluationand replacementof damagedtiles
of the OrbiterThermalProtectionSubsystem(TPS).
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Phased with the maintenance and modification_period will be the
servicingof the hypergolicsystemmodules,which will be checkedout
in the HMF "off-line" facility. Upon arrival from the OPF, each
module will be placed in the appropriatetest cell and connectedto
electrical cables (for commandand monitoringfunctions),servicing/
deservicinglines, and pneumaticlines. The moduleswill go through
detailed pneumatic,electrical,instrumentation,and leak checks.
At the OPF, the payloadwill be installedin the Orbiter,which will
then be prepared for final integrated power-on testing (including
Orbiter/payloadinterfacetests). A cabin leak test will be perform-
ed to verify cabin integrity. Servicing operations in the OPF will
includethose performedon the ammonia coolant system. The Orbiter
integratedtest will include requalificationof Orbiter/payloadin-
terfaces with the flight control center at Johnson Space Center by
performing the Mission Control Center - Houston (MCC-H) interface
test.
The remaining Orbiter element testing will include closeout of the
payloadareas, installationand connectionof Orbiter ordnance,stow-
age of the crew compartment,and installationof fixtures for mating
the element to the ET/SRB. A vertical weight and X-axis center of
gravitywill be establishedprior to moving the Orbiter from the OPF
to the VehicleAssembly Building (VAB). Towing to the VAB will be
performedwith the Orbiterlandinggear down.
b. Solid Rocket Booster Operations. Two SRB's (figure 2-6) burn in
parallel with the main propulsion system of the Orbiter to provide
initial ascent thrust. Primary elements of the booster are the
motor, includingcase, propellant,igniter, and nozzle;forward and
aft structures;separation and recovery systems; and thrust vector
control subsystems. Each SRB weighs approximately584,000kilograms
(1,286,600pounds)and producesll,800,O00Newtons (2,650,000pounds)
of thrust at sea level. The propellant grain is shaped to reduce
thrust by approximatelyone-third55 seconds after lift-offto pre-
vent overstressingthe vehicleduring the period of maximum dynamic
pressure. The hydrazine-driventhrust vector control(TVC) subsystem
operates in conjunctionwith the Orbiter main engines to provide
flight control during the Shuttle boost phase. Eight separation
rocketson each SRB (four aft and four forward)separate the SRB from
the Orbiter and the ET. The forward section provides space for the
SRB electronics and recovery gear and for the forward separation
rockets.
Solid Rocket Motor (SRM) segments will be shipped by rail from the
contractorfacilityto KSC. The segmentswill be coveredwith trans-
portationcovers and will be shipped in a horizontalposition. End
rings will providesegmenthandlingpoints,environmentalprotection,
protection of the solid grain propellant, and protection of the
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circumferentialinterfaceedge of each segmentfrom potentialimpact
damage.
Upon arrival of the SRM segments at KSC, four segmentsfor each SRB
will be off-loadedin High Bay 4 of the VAB with the 227-metricton
(250-ton)bridge crane and a ll3-metricton (125-ton)hoist, rotated,
and placed vertically into buildup workstands or inprocess areas.
The receivinginspectionwill consistof an overall visual inspection
of the externalcase and a general overall examination of each
segment for possible shipping damage. The forward and aft clo-
sures, nozzle assemblies,nozzle extensions,and loose hardware will
be inspectedin a like manner.
The inert elements such as the forward skirt, frustums, nose caps,
recovery systems, electronicsand instrumentation(E&I) components,
aft skirts, system tunnels, system cables, and elements of the TVC
subsystem will be received in the Refurbishment and Subassembly
Facility (RSF),locatedin the west Low Bay of the VAB, where receiv-
ing inspectionwill be performed. All small ordnance items (e.g.,
separationmotors, linear-shapedcharges,etc.) will be sent to the
ordnance storage area where the receiving and inspection functions
will be performed. The aft skirt will be receivedfrom the RSF and
will be mated to the assembledaft segmentin the buildupstand. The
aft segment assembly,the forward segment, and the two center seg-
ments will be transferredby the 227-metricton (250-ton)crane to
High Bay 3 for stackingon the Mobile Launcher Platform(MLP).
As required by the launch rate, SRM receivingand checkout capabil-
ities similarto those of High Bay 4 will be providedin High Bay 2.
c. External Tank Operations. The ET (figure 2-7) will contain the
propellantsfor the Orbitermain engines: liquid hydrogen fuel and
liquid oxygen oxidizer. All fluid controls and valves (exceptthe
vent valves) for operationof the main propulsionsystem are located
in the Orbiterto minimizethrowawaycosts. At lift-off,the ET will
contain 703,000 kilograms (1,550,000 pounds) of usable propellant.
The liquid hydrogen tank volume is 1,523 cubic meters (53,800cubic
feet) and the liquid oxygen tank volume is 552 cubic meters (19,500
cubic feet). These volumes include a 3-percent ullage space. The
liquid hydrogentank will be pressurizedin the range of 220,600to
234,400 Newtons per square meter (N/m2), equivalent to 32 to 34
pounds per square inch, absolute (psia),and the liquid oxygen tank
will be pressurizedto the range of 137,900to 151,700N/m_ (20 to 22
psia).
The ET will arrive at the LC-39 Barge TerminalFacilityvia barge and
will be moved on a transporterto the VAB transfer aisle in front of
High Bay 4. The high bay and transferaisle cranes will be used to
pick up the ET, rotate it to vertical position,and place it in one
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of two storage/checkoutcells in High Bay 4. Opticalalignment
measurementsand inspectionfor possiblein-transitdamagewill be
performed,and the exteriorinsulationwill be inspected.Following
theseinspections,the ET can be committedto controlledstorageor
transferredto High Bay 3 for matingoperations.The storageconfig-
urationwill includedesiccantbreathersto protectthe tanks and
componentsfrommoistureandforeignmaterials.
As required by the launch rate, ET receiving and checkout
capabilitiesimilarto thoseof HighBay 4 will be providedin High
Bay 2.
2.3.2 CARGO OPERATIONS. Payloads for each Shuttlewill be combined into a
complete Shuttle cargo consisting of one or more Spacelab modules, Upper
Stages,and AutomatedPayloads.
a. Spacelab Modules. Spacelab modules (figure2-8) being developed by
the EuropeanSpace Agency can \conducton-orbit researchas an exten-
sion of the Orbiter to enhance STS capabilities. Several Spacelab
system configurationswill be flown, one of which is shown in figure
2-9. This configurationis a pressurizedmodule where man can work
in a shirtsleeveenvironment (connectedby an access tunnel to the
cabin area of the Orbiter). Other configurationsincludethose with-
out a pressurizedmodule in which a large number of instrumentsare
installedon a pallet and are controlledfrom the payloadspecialist
stationin the Orbiter. Spacelabis an internationalprogram and, in
additionto the Europeanmanufactureof Spacelab,payloadsand crews
will be internationalin origin.
b. Upper Stages. The InertialUpper Stage (IUS) and the Spinning Solid
Upper Stage (SSUS) are solid-propellantpropulsive stages to be
carried in the Orbiter cargo bay for use in obtaininghigher apogee
orbits for selected payloads than is possible with the Shuttle
vehicle alone. The IUS and SSUS are presentlyin the design phase
and subjectto changesas the designsmature.
As shown in figure 2-10, the IUS flight hardware consists primarily
of a forward stage with a smaller solid-propellant motor, an inter-
stage, a larger solid-propellant aft motor, and an aft skirt struc-
ture. This two-stage configuration is the baseline from which three-
and four-stage configurations can be derived. For the Spinning Solid
Upper Stages, two configurations are being considered. Both use
electrically driven spin tables as part of the guidance system. The
SSUS-Delta (SSUS-D) flight hardware consists primarily of a solid
rocket propulsion subsystem, a structural/mechanical subsystem, and a
telemetry system. As many as four SSUS-D/spacecraft combinations can
be flown on a single Shuttle launch. As shown in figure 2-11, the
SSUS-Atlas (SSUS-A) flight hardware consists primarily of a solid
rocket propulsion subsystem, a structural/mechanical subsystem, and a
telemetry system. Two SSUS-A/spacecraft combinations can be flown on
a single Shuttle launch.
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Figure 2-8, Typical Space1 ab/Shuttle Configuration 
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c. AutomatedP_loads. Automatedpayloadsincludea wide class of self-
contained spacecraft which will fly in the Orbiter payload bay.
Examples are the Long Duration Exposure Facility, the Large Space
Telescope, deep space probes, and many types of commercial
communications spacecraft. Depending on the type of automated
payload, integrationmay be requiredwith an Upper Stage.
2.3.2.1 Cargo Integration. A part of the integrationperformedby KSC will
be to determinewhether the payloadwill be installed in the Orbiter at the
OPF or at the launch pad. Certainhazardousoperationscannot be performedin
the OPF; consequently,some payloadsmust be installedat the launchpad. The
type of hazardousoperationsto be performed is the most importantcriterion
in deciding whether a payloadwill be installed in the OPF or at the launch
pad.
In order to obtain the shortest possible Shuttle turnaround flow, KSC will
perform simulatedOrbiter to cargo interfacechecks of the entire cargo prior
to installationinto the Orbiter. This test, using cargo integrationtest
equipment(CITE),will be conductedin one of two facilities,the Assembly and
Test Area in the O&C Building or the VerticalCargo IntegrationTest Facility
in the Vertical Processing Facility (VPF). Figures 2-12 and 2-13 show the
locationsand flow of both horizontallyand verticallyintegratedpayloads at
KSC.
Payloadswhich are integratedhorizontallyin the O&C Building will normally
be installedhorizontallyin the OPF. Payloads which are integratedverti-
cally in the VPF will normallybe installedverticallyat the launch pad.
a. HorizontallyIntegrated Payloads. Horizontallyintegratedpayloads
will be received,assembled,and checkedin the O&C Buildingprior to
mating with the Orbiter at the OPF. Both automated payloads and
spacelabsmay be included. For automatedpayloads,receivinginspec-
tions and subsystem tests will be completed. After mechanical
buildup of the payload train, the payload elements will be
transferred to the Spacelab integration workstand for integration
with the Spacelabmodule/igloo,when applicable.
Spacelab modules will have been undergoingrefurbishmentand buildup
in parallelwith payloadbuildup. After buildup of the total Space-
lab and payload configurationin the workstand, the module aft end
cone will be installed,palletswill be positionedand utilitiescon-
nected between palletsand modules, and servicingwill be performed
as necessary.
If the complete Shuttle cargo for a flight consists of a Spacelab
module and/or pallets,all testingwill be accomplishedin the Space-
lab horizontal workstands. This includes CITE testing. If the
Shuttle cargo consists of Spacelab pallets and an automated space-
craft, the Spacelab palletswill be moved from the Spacelab horizon-
tal integrationworkstandto the horizontalCITE stand to meet the
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rest of the Shuttle cargo. The CITE test will then be conductedin
the horizontalCITE stand.
The Spacelab, along with any other payload(s),will be hoisted by
bridge cranes and strongback,installed into the payload canister,
and moved to the OPF by the canistertransporter. Environmentalcon-
ditioning,via air purge and systemmonitoring,will be provideddur-
ing transportto the 0PF where payload removalfrom the canisterand
installationinto the Orbiterwill be accomplished.
Upon completion of testing,the inspectionaccess platformswill be
removed. Final closeout of the payloadwill include removal of any
remainingenvironmentalenclosure/coversand closing/latchingof the
payload bay doors. At this point, the Orbiter will be powered down
for move to the VAB and mating operations. (No power or purge will
be provided from this point until completionof the Shuttle vehicle
assembly in the VAB.)
b. VerticallyIntegratedPayloads. Vertically integratedpayloadswill
normally be received in one of the following Payload Processing
Facilities: BuildingsAE, AO, AM, SAEF 2, or Hangar S (see figures
2-12 and 2-13). Followingreceivingoperations,the spacecraftwill
be built up to its launch configuration. This buildup will include
assembly of such things as solar panels, antennas, and other items
which were shippedseparatelybut will not includeoperationsinvolv-
ing ordnance, cryogens,or hypergols. Following the buildup opera-
tions, the spacecraft testing (off line) will be conducted as re-
quested (and planned)by the STS user.
After functional tests have been completed,the spacecraftwill be
moved to an ExplosiveSafe Area (ESA) where any hazardousoperations
will be conducted. Upon arrivalat the ESA, the spacecraftwill be
removed from its transporteror container and installedin test or
assembly stands provided by the STS user. The Delta Spin Test
Facility or ESA 60, both locatedon CCAFS, is normallyused for these
hazardous operations. Activity in the ESA will include instal-
lation of solid-propellantapogeemotors, hydrazineloading,ordnance
separationdevices, and any other items which are potentiallyexplo-
sive or hazardous. When testing has been completed,the spacecraft
will be ready for movement to the Vertical ProcessingFacility (VPF)
for integration.
Receipt and processingof Upper Stages is similar to, and is inte-
grated with, launch site processing of spacecraft. Processing of
spacecraftwithin the VPF will vary, dependingupon the type of Upper
Stage involved.
SSUS-D. The SSUS-D will be receivedat the Delta Spin Test Facility
it will undergo receiving, assembly, and test. Spacecraft
which are scheduledto fly on an SSUS-D will be mated with the SSUS-D
in this facility.
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SSUS-A. The SSUS-A also will be received at the Delta Spin Test
Faci]itywhere it will undergoreceiving,assembly,and test. When
these operationshave been completed,the SSUS-Awill be moved by the
SSUS contractorto the VPF for matingwith its spacecraft.
IUS. The IUS will be received at the Solid Motor Assembly Building
DAB) located on CCAFS where it will undergo receiving, assembly,
and test. Operations in the SMAB are under the management of the
USAF. When operationsin the SMAB have been completed,the IUS will
be moved by the IUS integrationcontractor,underUSAF management,to
the VPF for matingwith its spacecraft.
The last major test in the VPF will be the CITE test. Upon comple-
tion of the CITE test, the payloadcanisterwill be moved vertically
up to the workstandand positionedsuch that a verticalpayloadhan-
dling device in the workstand can transferthe entire Shuttle cargo
into the canisterfor movementto the launch pad. Environmentalcon-
ditioningvia air purge and systemmonitoringwill be providedduring
transport.
2.3.2.2 Payload Processin_Variations. Many variationsfor payloadprocess-
ing are available at KSC due to the flexibilitywhich is built into KSC's
PPF's. Two specificvariationsof processingare:
a. KSC Processin9 of Get-Away-Special(GAS) Payloads. GAS payloadsare
small autonomousunits prepaid by individual experimenters. Since
these payloads have limited interfaceswith the Orbiter and since
they are not installedin the Orbiter on trunnions,they cannot be
processedas standard payloads. At presentthe locationfor receiv-
ing and buildup for GAS payloads is undecided. The GAS payloads
will, however,be installedin the Orbiterat the OPF. Each GAS pay-
load will be evaluated to determine the necessity of processing
through the horizontalCITE facility in the O&C Building. Most GAS
payloadswill not requirea CITE test; therefore,they will be built
up, attachedto a specialbridge beam, and installedin the Orbiter
much like operationsusing any other bridge beam. Flightassignments
for GAS payloadswill be determinedby Johnson Space Center (JSC).
b. KSC Processin9 of Life Sciences Payloads. The flight hardwareasso-
ciated with life sciences payloads would normally follow the flow
outlined for horizontallyintegratedpayloads. However,live speci-
mens for these payloads will be received at Hangar L located on
CCAFS. KSC will have complete operations and maintenance responsi-
bilityfor HangarL.
Life sciences specimens,or live specimensalready in their flight
containers,will be installedat the launch pad by openingthe pay-
load bay door and installing the specimens from a special access
platformmountedon the PayloadGround HandlingMechanism,or through
the crew ingresshatch for launch. The live specimensin their con-
tainer(s) will then be mounted in the Orbiter middeck area of the
crew cabin.
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2.3.3 INTEGRATED LAUNCH OPERATIONS, The primary elements of the Space
Shuttle Vehicle (Orbiter,SRB's, and ET) will be mated in the VAB, and all
processingthereafterwill be an integratedoperation. Dependingon the mis-
sion, cargo may alreadyhave been installedin the Orbiter at this point (via
the OPF) or may be integratedlater at the launchpad.
High Bay 3 is the location where the SRB's, ET, and Orbiter will be trans-
ferred after receiving and checkout operations have been completed. The
Shuttle elements will then be mated on the Mobile Launcher Platform (MLP),
and final electrical and mechanical verificationswill be performed. Space
Shuttle Vehicle (SSV) checkout will be limited to that required to verify
interface compatibility. After mechanicaland electrical verificationshave
been completed, ordnance will be installed and the SSV will be ready for
transferto the pad.
The CrawlerTransporterwill jack the integratedMLP/SSV from VAB mounts and
transportthe assembly to the launch pad. After the integratedMLP/SSVis in
place on the pad support columns,the CrawlerTransporter will return to the
VAB area. The Rotating ServiceStructure (RSS)will be extended,the MLP and
SSV will be electrically mated with the supporting facilities, and all
interfaceswill be verified.
For horizontallyintegratedpayloads,normaloperationsat the launch pad will
not includeaccess to the Orbiter payloadbay. For missionsrequiringaccess
to the Spacelab or payloadat the launch pad, access capabilitywill be pro-
vided via the Orbiter payload bay doors and the payload access platformson
the PayloadGround HandlingMechanismpart of the RSS. Spacelab activity at
the launch pad will be limitedto fulfillingthe STS verificationrequiredand
final servicing.
For vertically integrated payloads the cargo will be transferred from the
Multiuse Mission Support Equipmentcanister to the RSS and verticallymated
with the Orbiter. Operationalchecks of all electricaldata and fluid inter-
faces will be performed.
Time-criticalitems and limited servicingwill concludethe IUS/SSUS/payload
checkout activities.
In preparation for launch, power will be applied to the SSV, the Launch
ReadinessTest will be completed,and hypergolicand helium load preparations
will be performed. Cabin closeoutwill be accomplishedas a part of the non-
hazardous countdown preparations,followed by pad clearance and hazardous
servicingoperations;hypergolics,high-pressuregases, fuel cell cryogenics,
and payload fluid servicing (if required). Completion of the hazardous
servicing and RSS retraction places the vehicle in a standby status, at
approximatelyT-2 hours in the countdown. The SSV will have the capability
either to remain at this point for up to 24 hours or to proceed with the
terminal countdownfollowinga clearanceto launch.
Figure 2-14 summarizesthe precedingdiscussion,showing interrelationshipof
the elements during groundprocessing.
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Figure 2-14. KSCShuttle Systems Ground Flow
2.3.4 MISSION OPERATIONS. The Shuttle developmental launches will be used to
test vehicle recovery/retrieval systems and to determine the final system con-
figurations and operating techniques. Figure 2-15 depicts the typical mission
profile for a launch from KSC.
The SRB's, which burn in parallel with the Orbiter main propulsion system,
will be separated from the Orbiter/ET at an altitude of approximately 43 kilo-
meters (150,000 feet). The SRB's will descend on parachutes and land in the
ocean about 280 kilometers (150 nautical miles) from the launch site. Re-
trieval vessels, dispatched prior to launch, will proceed to the impact area
to locate the SRB's. When located, the SRB will be inspected and verified
safe. The SRB nozzle will then be plugged, and water will be pumped from the
booster by pressurizing the case with air. This will reorient the booster
from a vertical (spar buoy) mode to a horizontal (log) mode suitable for tow-
ing. Parachutes will also be recovered; these have flotation devices at the
apex that will permit attachment of a line to pull the parachutes onto a
palletized reel. Frustums will be brought on board and secured to the deck of
the retrieval vessels. The empty SRBis effectively inert. It will contain a
small amount of residual hydrazine in tanks designed to withstand the
splashdown loads and the salt water environment without leakage. Early SRB's
will carry a linear shaped charge as part of the flight termination system for
range safety; however, this ordnance will be both mechanically and electri-
cally "safed" (made inert) prior to SRB separation. Upon completion of SRB
dewatering and retrieval of the parachutes and frustums, a tow line will be
attached to the SRB, and it will be towed through Port Canaveral to the SRB
Recovery and Disassembly Facility at Hangar AF.
At this facility, the SRBwill be positioned in a slip for removal from the
water and the nose cone frustums and parachutes will be off-loaded. The SRB
will be removed from the water and placed on cradles for handling and disas-
sembly. Immediately after removal from the water, the SRBthrust vector con-
trol (TVC) and ordnance systems will be removed, and SRB structures will be
washed to remove the bulk of the salt deposits and marine growth. After wash-
ing, the structures will be moved into the disassembly area for disassembly to
the level of major assemblies consisting of four SRMsegments, the aft skirt
assembly, and the forward skirt assembly. Motor segments will be thoroughly
washed, dried, and preserved in preparation for shipment to the vendor for re-
furbishment and reprocessing. The aft skirt, nose cone frustum, and forward
skirt will be stripped of insulation, washed, dried, and transferred to the
RSFfor testing, further disassembly, refurbishment, and buildup.
Retrieved parachutes will be sent to the Parachute Refurbishment Facility to
be washed, dried, inspected, refurbished, and packaged in deployment bags for
reuse.
After SRB separation, the Orbiter main propulsion system will continue to burn
until the Orbiter has been injected into the required ascent trajectory. The
ET will then separate and fall ballistically into the Indian Ocean. The
Orbiter Maneuvering Subsystem (OMS)will complete insertion of the Orbiter in-
to the desired orbit. Following operations in orbit, the Orbiter will move to
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Figure2-15. Space ShuttleMission Profile
a retrograde attitude,and a deorbit burn will be performed using the OMS.
The Orbiter will then transition to a nose-on attitude for final unpowered
atmosphericentry,descent,and landingat a predeterminedrunway.
Landingof the Orbiter is planned at the Dryden Flight Research Center (DFRC)
for the first four Space Shuttle flights during 1979 and 1980. Landings of
the Space Shuttleat KSC are plannedto commencein 1980. See table 2-I.
The initialphase of the landing approach,known as the TerminalArea Energy
Management (TAEM), will start at an altitude of approximately25,338 meters
(83,130feet) and 96 kilometers(60 miles) from the landingsite. This is the
final decision point for choosing the directionof landing (north-to-southor
south-to-north)at KSC. The objectiveof TAEM is to place the Orbiter in a
favorablepositionto interceptthe final landingapproach plane at the cor-
rect altitudeand speed. This point, approximately4,073 meters (13,365feet)
high and 12 kilometers (7.5 miles) from touchdown is where the ground-based
OrbiterAutoland System interfacetakes control of the Orbiter trajectoryand
altitudethroughlanding,braking,and wheelstop. The OrbiterAutolandSystem
will maintain the correctenergy managementprofileto guide the Orbiter down
to a nominal 24-degreeglideslope. At approximately526 meters (1,725 feet)
in altitude and 3.2 kilometers (2 miles) from touchdown, the Orbiter will
start the preflare maneuver that will place it on a 3-degree glideslope.
Touchdown will occur a few seconds after final flare and the Orbiter will be
controlled to a normal stop approximately midway down the 4,572-meter
(15,000-foot)runway (see figure 2-16).
The Orbiter will be towed to the OPF at a maximum speed of 8 kilometers (5
miles) per hour. Payload ground operationswill begin after touchdown and
rollout of the vehicle on the runway. Payload bay purge from mobile Ground
Support Equipment (GSE) will be establishedwithin 15 minutes after landing
and will continue until switchover to a facility system in the OPF. If
removal of time-criticalcarry-offpayload items has been scheduled,access
will be providedvia the cabin throughthe payload bay bulkhead hatch to the
payloadwhile the Orbiter is still on the runway. At the OPF, the cargo will
be removed, using the overhead cranes and strongback,and transferredto the
appropriaterefurbishmentarea. Here it will be serviced and reverifiedor
stored pendingmissionscheduling. This will completethe cargo cycle at KSC.
2.4 EXPENDABLELAUNCH VEHICLEOPERATIONS
Dependingupon the mission, the launch of unmanned scientificand technology
applicationsspacecraft at KSC involves one of two basic expendable launch
vehicles operatingfrom Air Force-ownedfacilitiesat Complex 17 and Complex
36 for which NASA has property accountability. The two launch vehicles
(figure2-17) are Atlas-Centaurand Delta. Table 2-2 lists the characteris-
tics of these vehiclescomparedwith the STS.
Base support services are provided largely by Air Force contractors under
NASA-Air Force agreements. Launch support services are provided by the con-
tractors who build the launch vehicles. Spacecraft are normally handled and
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Figure 2-16. Orbiter Approach and Landing Trajectory 
DELTA (2900 SERIES) ATt, AS-CENTAUR
Figure 2-17. LaunchVehicles
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Table 2-2. Launch Vehicles - Propellant Data
Quantity of
Vehicle Type of Propellant Propellant (kg)
Atlas-Centaur
SLV3D Liquid oxygen and RP-I (kerosene) 121,600
Centaur Liquid oxygen and liquid hydrogen 13,950
Delta (2900 Series)
Ist Stage Liquid oxygen and RP-I (kerosene) 80,200
2nd Stage Nitrogen tetroxide and Aerozine 50 4,260
3rd Stage (TE-364-4) Solid rocket 1,040
Augmentation (Castor II) Solid rocket (9 motors) 33,500
Delta (3900 Series)
Ist Stage Liquid oxygen and RP-I (kerosene) 80,200
2nd Stage Nitrogen tetroxide and Aerozine 50 4,260
3rd Stage (TE-364-4) Solid rocket 1,040
Augmentation (Castor IV) Solid rocket (9 motors) 84,800
Space Shuttle
Orbiter Main Engines Liquid oxygen and liquid hydrogen 712,100
Orbiter OMSand RCS Nitrogen tetroxide and monomethyl- 13,240
hydrazine
Solid Rocket Motor Solid rocket (2 motors per launch) 1,007,923
Hydraulic Power Unit Hydrazine 675
Upper Stages
IUS Solid rocket (3 units) 21,572
Hydrazine 38
SSUS-A Solid Rocket 3,465
Hydrazine 5
SSUS-D Solid rocket 1,700
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checked out by the payload supplier or a designated mission manager using
crews from the responsible agency and the manufacturer(s). The following
paragraphsdescribethe operationsfor each of the launch vehiclesand repre-
sentativespacecraft. Refer to the map in figure 2-12 for locations.
2.4.1 ATLAS-CENTAURVEHICLE. The Atlas-Centaurvehicleconsists of an Atlas
booster, an interstageadapter,a CentaurUpper Stage, a split barrel,and a
nose fairing. Both the Atlas and Centaur are pressure stabilized stages,
where structuralrigidityis providedby internalgas pressure. An integrated
electronicssystem mounted on the Centaur stage is used to provide all guid-
ance, navigation,control,and sequencingfunctionson both the Atlas and Cen-
taur stages. The vehicleis launchedfrom Launch Complex36, Pad 36A or 36B.
The 21.3-meter(70-foot)long first stage is an upratedversionof the flight-
proven Atlas vehicle used in the National Space Program since 1959. The
engine system burns RP-I (a highly refinedkerosene) and liquid oxygen. The
system utilizes two main engines: a 1,646,000-Newton(370,O00-pound)thrust
boosterenginewith two thrust chambers,and a smallersustainerwith a single
thrust chamber that produces266,900 Newtons (60,000pounds) of thrust. The
sustainer nozzle is located between the two larger ones of the booster
engine. Two smaller vernierengineswhich help control the vehiclein flight
are also burningat lift-offfor a total thrust of 1,917,000Newtons (431,000
pounds). Total weight at lift-off is about 150,000 kilograms (328,600
pounds).
The only radio frequencysystem on the Atlas is a range safetycommand system,
consistingof two receivers,a power control unit, and a destruct unit. The
Atlas can be destroyedin flight by ground control if necessarybut otherwise
receives all its controldirectionsfrom the Centaurstage.
The Centaur stage sits above the Atlas, on a barrel-shapedinterstageadapter.
The Atlas and Centaur separate2 secondsafter the Atlas burns out, just over
4 minutes after lift-off. Eight small retrorocketsnear the bottom of the
Atlas fuel tank then back this stage away from the Centaur.
The Centaur stage is 9 meters (30 feet) in length. Exclusive of payload, it
weighs about 16,330 kilograms (36,000pounds) when loaded with propellants.
The main propulsionsystem consists of two engines burning liquid oxygen and
liquid hydrogen, producing 133,400 Newtons (30,000pounds) of thrust in the
vacuum of space in which they are designed to operate. These engines can be
stopped and restarted,allowing the Centaur to coast to the best point from
which to achieve its final trajectory before igniting for another burn.
Engine burn time can total 7-I/2 minutes. While coasting,the stage is con-
trolled by 12 small thrust engines,powered by hydrogen peroxide. These hold
the stage steady and provide a small constant thrust to keep the propellants
settled in the bottoms of their tanks, a necessity for a second or third
burn. The Centaur also has a ground-controlleddestruct system similar to
that on the Atlas, in case the vehiclemust be destroyedin flight.
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2.4.2 ATLAS-CENTAUROPERATIONS. The Atlas and Centaur arrive by C5-A air-
craft landingat the CCAFS Skid Strip. The Atlas and Centaur are transferred
from their aircraft travel trailers to road trailers and taken to Hangar J.
Both trailer configurations are designed for air transportation and are
equipped to monitor and maintain the positive pressure inside both stages
which ensurestheir structuralintegrity.
The Atlas remains in Hangar J about l day for an initial inspectionand, at
the appropriatetime, is taken to Launch Complex36 for erectionat the launch
pad. The interstageadapter is broughtout on the same day and mated with the
Atlas.
The Centaur stage is broughtout on the second day, hoisted,and then lowered
to mate with the interstageadapter. The short section called the split bar-
rel is brought out from Hangar J and installedatop the Centaur. The insula-
tion panels which protect the hydrogentanks on the Centaur are installedin
the ensuing weeks. The nose fairing is trucked to the Cape with the inter-
stage and insulationpanels, and is received and inspectedin Hangar J. It
then goes to ESA 60A or SAEF 2 where it is inspectedfor delaminationsthrough
a unique "cointap"procedure. When the spacecrafthas completed its checks
and is broughtto ESA 60A or SAEF 2, it is encapsulatedin the nose fairing.
The encapsulatedspacecraft is taken to the the pad, lifted by means of the
small hoist, with the weight borne by the torus ring, and moved into position
over the Centaur. The spacecraftadapter and Centaur are then mated and the
torus ring removed. The fairing is lowered and bolted to the Centaur. This
completesthe assemblyof the Atlas-Centaurvehicleand spacecraft.
2.4.3 DELTA VEHICLE. The Delta vehicleconsists of two liquid-fueledstages
with augmentation (nine SRB's), an interstage adapter, an optional solid-
propellantthird stage, and a nose fairing. Delta vehiclesare launchedfrom
Complex17, Pads 17A and 17B.
The first stage of the Delta is 22.6 meters (74 feet) in lengthand 2.4 meters
(8 feet) in diameter. The main engine burns RP-I (a highly refinedkerosene)
and liquid oxygen. It produces912,000 Newtons (205,000pounds) of thrust at
sea level and burns for about 228 seconds.
Nine strap-onSRB's greatly increasethe power of the Delta first stage. Two
configurationsof this booster are available, the Castor II and the larger
Castor IV. In the Castor II configuration,each SRB produces146,784Newtons
(33,000 pounds) of thrust at lift-off. This increases to 275,776 Newtons
(62,000 pounds) at maximum; the average thrust for the 38-second burn time is
240,190 Newtons (54,000 pounds). Six of these Castor II SRB's ignite at lift-
off, and three ignite after the first six burn out. The average first stage
thrust while the six SRB's, the main engine, and two small verniers are burn-
ing is 2,357,440 Newtons (530,000 pounds). Gross vehicle weight will be about
132,900 kilograms (294,000 pounds) at lift-off.
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In the Castor IV configuration,each SRB produces an averageof 329,298New-
tons (85,270pounds) of thrust for 57 Seconds. Five ignite at lift-off and
four ignite after the first five burn. In this configurationfirst stage
thrust averages2,824,607Newtons (635,350pounds)from lift-offto burnoutof
the five solids. Gross vehicle weight is about 190,735 kilograms (42,0,500
pounds)at lift-off.
The second stage is approximately6.4 meters (21 feet) long and 140 centi-
meters (55 inches)in diameter. The main structureconsistsof two propellant
tanks, one containing the Aerozine 50 fuel and the other the nitrogen
tetroxide oxidizer. These tanks are separatedby a common bulkhead. The
TR-201 main engine produces43,590 Newtons (9,800 pounds) of thrust and can
burn for over 300 seconds. This engine can be restartedin space. The Delta
Inertial Guidance System which controls the flight of the first and second
stages is mounted in this stage.
A spin-stabilizedsolid-propellantmotor which produces an average of 67,000
Newtons (15,000 pounds) of thrust for 44 seconds serves as the Delta third
stage. It is supported by a spin table, which sits on top of the second
stage. The spacecraft is mounted atop this third stage, extending into the
fairing. A miniskirt supports the weight of the second stage to which it is
attached,as well as the third stage and the payload.
Prior to second and third stage separation,a spin table assembly spins the
third stage and spacecraftup to about 90 revolutionsper minute. This spin
stabilizesthe third stage throughoutits burn, ensuring an accurate trajec-
tory. The third stage does not requirea separateguidancesystem.
2.4.4 DELTA OPERATIONS. The Delta first stage is deliveredby van, cross-
country from California. Inside Hangar M it is removed from the van and
shifted to a special handling trailer. Following mechanical buildup, the
first stage is transferredto Complex17.
The SRB's are deliveredtwo to a truck encased in protectivecontainers. They
are taken to the Pan American Solid Rocket Storage Area or directly to the
Delta Solid Motor Facility. At the latter the engine nozzlesand nose cones
are installed,an inspectionis made of the solid propellants,and the casings
are pressure-checked. A specialtrailer then takes the solids to the launch
pad, where they are installedon the first stage.
The second stage, nose fairing,and interstageadapterarrive at Hangar M in a
single van. The interstageadapter is checkedand taken to the launch pad on
a specialtrailer. It is hoistedby the tower crane, lowered,and attachedto
the top of the first stage.
The second stage receivesa series of leak checks in a smallerbuildingbehind
Hangar M. As with the interstage,the second stage moves to the pad in a
special trailer, is hoistedby a liftingdevice,and mated with an interstage
adapter. A structuralassembly called the miniskirt,attached to the stage,
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sits atop the interstage. The interstage thus supports the weight of the
second stage, as well as the spin table, third stage, and spacecraftwhen they
are later placed atop the second stage.
When a solid motor third stage is required,it also arrives at KSC by truck.
It is taken either to the Solid Rocket StorageArea or directly to the Delta
Spin Test Facility. Only one motor is allowed in the Spin Test Building at a
time. In most cases after completingmost of its checkout,the spacecraftis
taken to the Spin Test Facilityand mated to the third stage. A spin table is
always used with the third stage in the Spin Test Facility. The three compo-
nents (third stage, spin table, and spacecraft)are taken to the pad in a
trailer. They are then hoistedand installedon top of the second stage.
The Delta nose fairing is handledlike the secondstage. After inspectionand
preparatorywork in Hangar M, it is taken to the pad in a specialtrailerand
installedatop the miniskirt, enclosingthe spacecraft,third stage and spin
table, and part of the second stage. This completesthe assemblyof the major
componentsof the Delta vehicle. A Delta vehicle can be assembled,checked
out, and launchedin 4 to 6 weeks.
2.4.5 SPACECRAFTOPERATIONS. Spacecraft launched at KSC can be generally
divided into two types: TechnologicalApplicationsand Scientific Explora-
tion. The number of applicationsis far larger than exploration,but the
latter are often very complexand require more time in checkoutand prepara-
tion for launch.
NASA-KSC providestechnicalsupport,laboratories,and missioncontrolfacili-
ties for all types of spacecraft,but the actual checkoutwork is performedby
transient crews sent to KSC for that purpose. Usually these personnel are
from the manufacturerwho built the particular spacecraft, accompanied by
managerialand engineeringpersonnelfrom the responsibleor fundingagency.
2.4.5.1 Technological Applications. The major applications satellites
operate in the fields of communicationsand weather observation. The average
applicationsspacecraftarrive at KSC 6 weeks before launch. The buildings
used primarily for the checkout of these spacecraft are AE and AM. Most
spacecraftrequire4 weeks in the checkoutbuildingfor preparationand setup,
subsystemcheckout,and assemblyoperations;a week in an ESA for pyrotechnic
maneuveringsystem servicing,and solid motor installationand checkout;and a
week on the pad after vehiclemate, undergoingfinal checks. _
2.4.5.2 Scientific Exploration. The scientific spacecraft launched by KSC
can be divided into two categories:Earth orbit research and interplanetary
(includinglunar-orientedspacecraft,sun observation,and deep space). Most
scientificspacecraftare checkedout in buildingsAO and AE and Hangar S. A
large number of scientificprogramsand types of spacecraftexist, but launch
rates for eachoprogrammay be low, averagingone or two a year in most cases.
Many of thesespacecraft have complexsubsystemswhich must be checkedout one
at a time, in sequence. A scientificspacecraftmay remain in the checkout
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building for more than a month and may require I0 days on the pad after
mating. As with technological spacecraft, 1 week in the ESA is usually
sufficient.
2.5 OPERATIONOF THE PHYSICALPLANT
Within the KSC boundaries, some 278 buildings, facilities, and support areas,
and 80 trailers provide approximately 378,300 square meters (4,067,800 square
feet) of gross building area, plus 118,600 square meters (1,275,210 square
feet) of mechanical, custodial, and public service space in all buidlings.
The major facilities and their capabilities and current use are located by
figure 2-I and are described in table 2-3. For additional information, see
references 2-I, 2-2, and appendix D.
Over 195 hectares (481 acres) of roadways and 64 hectares (159 acres) of rail-
road rights-of-way provide access to facilities. Key areas used for launch
processing are shown in figure 2-18.
Facility operation is concerned with the daily tasks that are required to sup-
port the Center. The normal day-to-day operations and the occasional one-time
institutional operations that occur at KSC are fully controlled, i.e., all
facility operationsare governed by published schedules and written procedures
incorporating standard industrial "good practice" methods. Support opera-
tions, as distinguished from launch and landing operations, include:
a. Maintenance of Facilities
b. Utilities
c. Shops (including Laboratories and the Motor Pool)
d. Roads and Grounds (including Sanitary Landfill)
e. Waste Management
f. Logistics (Liquid Fuels and Fluids)
g. Emergency Services
h. Visitor Services
2.5.1 MAINTENANCE.Maintenance is primarily concerned with the architectural
aspects of the facilities; e.g., walls, floors, roofs, lighting, plumbing,
carpentry, and services. Special emphasis is placed on procedural techniques
for those facilities and systems closelY associated with launch and test
schedules. Maintenance operations, which preserve the initial investment in
facilities and ensure their continued availability, are performed on a regular
schedule throughout the year.
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Table 2-3. Major Facilities- Their CurrentUse and Capabilities
Facility Facility Size (sq Location On
Number Name Use meters I Unique Features Figure 2-I
K7-468 Converter/ Compression, monitoring, and 850 Helium and nitrogen 1
Compressor distribution of gaseous compressors
Facility helium. Nitrogen system
inactive
39A Complex 39 Launch of STS 656,700 Large storage spheres l
J8-1708 Launch Pads (each pad) (Dewars) for liquid
39B hydrogen and oxygen.
J7-337 Flame trench with de-
flector. Rotating
Service Structure
J6-2313 Shuttle Landing Landing of Orbiter, ferry- 518,000 Microwave Scanning Beam 1
' Facility ing aircraft, and support Landing System for con-
"_ aircraft trol of Orbiter landings.
Mate/DemateDevice
K6-894 OrbiterProces- Safing,maintenance,and 7,000 Large high bays - Class l
singFacility checkoutof Orbiter. In- lO0,O00clean rooms
stallationof horizontal
payloads
K6-793 CrawlerTrans- Maintenanceof Crawler 233 Special shop and office l
porterMaint. Transporter space for CrawlerTrans-
Building porter Maintenance
K7-I005 Barge Terminal Docking and unloadingof Large turn basin 1
Facility barges transportingthe
ExternalTank
Table 2-3. Major Facilities- Their CurrentUse and Capabilities(cont)
Facility Facility Size (sq LocationOn
Number Name Use meters) Unique Features Figure 2-I
K6-848 VehicleAssem- Assemblyand integrated 170,137 Large and high open l
bly Building checkoutof STS elements areas; bridge cranes
K6-900 LaunchControl Launchprocessingand 21,000 Equipmentto monitor l
Center control and controlSTS elements
from the OPF through
launch
K6-1091 EmergencyPower Supply power for Shuttle 5 diesel-drivengenera- l
Generating processingin event of tors. Total installed
Plant commercialpower fail- capacityof 4700 kilo-
ure watts
, K6-1141 VAB Area Power Distributionof elec- 162 Automaticswitchover l
Substation trical power capability
K6-792 VAB Area Treatmentof sewage to 39 410 kilolitersper day l
SewageTreat- meet environmental capacity
ment Plant standards
J8-1705 LC-39ASewage Treatmentof sewage to meet 26 216 kilolitersper day l
Treatment environmentalstandards capacity
Plant
None Locomotive Servicingof diesel loco- Servicepit l
Maintenance motives
Area
None Sanitary Disposalof solid wastes 202,345 Minimumof 1.5 meters 2
Landfill above water table
Table 2-3. Major Facilities - Their Current Use and Capabilities (cont)
Facility Facility - Size (sq Location Or
Number Name Use meters) Unique Features Figure 2-I
L7-888 Fire and Rescue Training for propellant 11,800 Large area with burn 2
Training Area mechanics and astronaut pan for ignition of hyper-
rescue teams in hypergolic gols and hydrocarbons
and hydrocarbon fire fight-
ing and rescue
5443 UnmannedLaunch Installation of solid- 829 2 high bays and an air- 3
5444 Operations propellant apogee motors and lock
5445 ordnance separation devices.
5446 (ESA 60) Loading of hydrazine and other
potentially explosive or haz-
ardous items into spacecraft
' None Fuel Storage Storage and transfer of Tankage: 650 kiloliters 3
Area No. 1 hypergol propellants
60680 Hangar AE Checkout unmanned spacecraft 3,600 Special test equipment 3
6625 Hangar AF (SRB SRBpost-recovery disassembly 6,000 Dock space, high pressure 3
Recovery and and processing stream of water to clean
Disassembly Fac) SRBcasings
60550 Hangar AM Checkout of Technological 2,500 Special test equipment 3
Applications Spacecraft
60530 Hangar AO Checkout of Scientific Ex- 4,000 Special test equipment 3
ploration Spacecraft
1721 Hangar J Inspection of Atlas and 4,000 Special inspection equip- 3
Centaur stages ment
Table 2-3. Major Facilities - Their Current Use and Capabilities (cont)
Facility Facility Size (sq Location On
Number Name Use meters ) Unique Features Fi _ure 2-1
1732 Hangar L Life Sciences Laboratory 4,000 Facilities to prepare 3
(Planned) specimens for space
flight and ground con-
trol during flight
1731 Hangar M Processing Delta elements 4,000 Special handling equip. 3
ment
1726 Hangar S Support unmannedspacecraft 5,600 Two Class I00,000 clean 3
rooms
1270 Complex 17 Delta Launch Pads 202,340 Large mobile service 4
structures, blockhouseI
4:,
o 5500 Complex 36 Atlas-Centaur Launch Pads 255,000 Large mobile service 4
structures, blockhouse
M7-505A Launch Equip- Testing of access arms and Large random motion 5
ment Test Fac. tail service mast simulators
M6-409 Visitors Infor- Depot for bus tours, space 6,500 Actual missiles and space 5
mation Center exhibits equipment on display.
Large transparent scale
model of Apollo Saturn
M5-1395 Unified "S" Data and audio reception 2,307 Large antenna 5
M5-1444 Band and retransmission
M5-1494
M5-1544
M6-495 Dispensary Medical care for workforce 1,058 Hospital-type laboratory 5
equipment
Table 2-3. Major Facilities- Their CurrentUse and Capabilities(cont)
Facility Facility Size (sq LocationOn
Number Name Use metersI Unique Features Figure 2-I
M6-595 CentralHeating Supplyheat to buildings 548 Two 42,190,000kilo- 5
Plant in KSC IndustrialArea joule per hour boilers
and one 16,877,000
kilojouleper hour
boiler
M6-895 Industrial Treatmentof sewage to meet 134 1,401 kilolitersper 5
Area Sewage environmentalstandards day capacity
Treatment
Plant
M7-355 Operationsand Refurbishment,assemblyand 56,189 Large Class lO0,O00 5
CheckoutBuild- checkoutof STS horizontal clean rooms and
, ing payloads altitude chambers4:,
M6-399 KSC Headquar- Administrativeand engi- 40,189 Technicallibrary, repro- 5
ters Building neeringofficesfor NASA duction and film proces-
and contractorpersonnel sing facilities,Post
Office, and cafeteria
M7-657 ParachuteRe- Refurbishmentof parachutes 770 Large washers and 5
furbishment used for SRB retrieval dryers
Facility
M7-961 HypergolMain- Checkoutand test, drain, 2,614 Scrubbersto treat toxic 5
M7-1061 tenanceFacil- flush, and repair of STS vapors
M7-1212 ity Complex hypergolmodules
M7-1412
M7-1469 VerticalProces- Refurbishment,assemblyand 1,673 Large Class lO0,O00clean 5
sing Facility checkoutof STS vertical rooms
payloads
Table 2-3. Major Facilities- Their CurrentUse and Capabilities(cont)
Facility Facility Size (sq LocationOn
Number Name Use meters) Unique Features Figure 2-I
M6-342 Central Instru- Ground instrumentation 12,635 Computer complexes 5
mentationFacil- systemsfor telemetry,
ity timing correlationand
data processing
M6-744 CentralSupply Receiving,storage,and 8,633 Rail siding 5
Facility issuanceof supplies
M6-138 Communications Centraldistribution 2,932 Distributionand 5
Distributionand and switchingfor all switchingequipment
SwitchingCenter KSC communications
!
j:,
THE VEHICLE ASSEMBLY BUILDING (VAB) with the Orbiter LandingFacility (OLF) runway in the background
are the beginningand endpoints, respectively,for a SpaceShuttle mis=ion. The SpaceShuttle will be assembled
in the VAB. Upon completionof the spacemission,the Orbiter will glide to earth at the OLF.
THE CRAWLER TRANSPORTER, supporting a Mobile THE MATE/DEMATE DEVICE
Launcher Platform (MLP), will transport the SpaceShuttle (MDD) is used to raise and lower
mountedonthe MLP from the VAB to the launchpad. the Orbiter when it is ferried on a
747 carrieraircraft.
THE ORBITER PROCESSINGFACIL-
ITY (OPF) iswherea returnedOrbiter
isreadiedfor the next flight.
Figure2-18. Key LaunchProcessingArea (Sheet1 of 3)
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On Launch Pad 39A, the Fixed ServiceStructure (FSS) and the Rotating ServiceStructure (RSS) ue prominent.
To the left is the 300,000-gallondelugewater tank.
The checkoutworkstandsin the high
bay of the O&C Buildingwill be used
r? for work on the Spacelabo
THE LAUNCH EQUIPMENT TEST FActLIT-Y (LETF) One of the buildings of the Hypergol Maintenance
verifiesthe integrity of the groundsupportequipment. Facility Complex where maneuveringand propulsion
moduleswill be processed.
Figure 2-18. Key Launch Processing Area (Sheet 2 of 3)
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THE KSC INDUSTRIAL AREA is the site of many of the facilities that support the day-to-day activitiesat the
Kennedy Space Center. The HypergolMaintenanceFacility area is in the upper center of the view.
THE VISITORS INFORMATION CENTER
(VIC) maintains exhibits, a food and
restroom facility, and parking areas for
visitorsboardingthe KSC/Cape Canaveral
tour buses.
THE CAPE CANAVERAL AIR FORCE
STATION (CCAFS) Indumial Area is the
location of severalfacilities which NASA
operates, includingthe SRB Recoveryand
DisassemblyFacility (Hangar AF) with a
dock and turn basin, visible in the fore-
ground.
Figure2-18. Key Launch ProcessingArea (Sheet3 of 3)
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2.5.2 UTILITIES. The major utilitiesat KSC include the facilitieswhich
providefor heating, air-conditioning,electricalpower and lighting,water,
and sewage management. These installations,using standard industrialequip-
ment, are operated and monitoredto complywith Federalenergy regulationsand
the rules of the FloridaDepartment of EnvironmentalRegulation. Consistent
with the Nation's efforts to reduce energy consumption,portions of these
facilities have undergone, or are scheduled for, selective modificationto
improveenergy posture. Other than the new utilitiesfor the Shuttle Landing
Facility and the Orbiter ProcessingFacility,the utilitysystems remain con-
figuredessentiallyas they have been since 1965.
2.5.2.1 Heating. Two centralheating plants,one in the KSC IndustrialArea
(M6-595)and the other identifiedas the VAB UtilityAnnex (K6-947),are oper-
ated continuously. The M6-595 plant contains two 42,190,000 kilojoule per
hour (kj/hr),equivalentto 40,000,000Britishthermalunit per hour (Btu/hr),
boilersand one 16,877,000kj/hr (16,000,000Btu/hr)boiler. The K6-947 plant
containsthree 16,877,000kj/hr (16,000,000Btu/hr)-boilers. These two plants
presentlyconsumeapproximately7,570 kiloliters (kl), equivalentto 2,000,000
gallons, of low sulfur (l percent) fuel oil per year. In addition to these
plants,8 package boiler plants are installedat outlying facilities located
throughoutthe Industrialand LC-39 areas. These plants vary in output from
143,000 kj/hr (136,000 Btu/hr) to 2,827,000 kj/hr (2,680,000 Btu/hr) and
collectivelyconsume about 852 kl (225,000 gallons) of low sulfur oil per
year. The total heat-generatingcapacity at KSC is approximately40,744,300
kilogram-calories(161,696,650Btu) per hour. Fuel consumption,which is
expected to remain fairly constant during the years to come, representsan
irreversibleand irretrievableuse of fossil fuel (see sectionIX).
2.5.2.2 Air-Conditioning.Approximately22,700 metric tons (25,000tons) of
air-conditioningrefrigerationis installedthroughout KSC. A 9,100-metric
ton (lO,O00-ton)centralchilledwater installationat the LC-39 UtilityAnnex
suppliesthe immediatelyadjacentOPF, VAB, and LCC. In the IndustrialArea,
individual installationsranging from 1,633 to 5,080 metric tons (1,800 to
5,600 tons) are provided in the O&C, CIF, and Headquartersbuildings. All
large installations utilize centrifugal refrigerationcompressors and are
chilled-watersystems. Smaller systems are both centrifugal[91 metric tons
(lO0 tons) minimum] and reciprocating. Small centrifugalstotal 907 metric
tons (l,O00tons). The reciprocatingsystemstotal approximately6,730 metric
tons (7,420tons) and utilizeeither chilledwater or direct expansionrefrig-
erant for the space coolingmedium. Water treatmentfor coolingtower systems
is closelycontrolledand utilizesa biocidefor controlof algae.
To avoid a buildup of sludge, an automaticmonitoring system measures sus-
pended solids and periodicallydischarges cooling tower water to adjacent
drainageditches. Makeup water is suppliedfrom the Cocoa potable water sup-
ply at approximately68 liters (18 gallons)per minute. There are no cooling
tower sludgesto be disposed of at KSC.
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While much of the air conditioningis provided as an aid to human comfortand
efficiency,a large portion is requiredfor supportequipment (e.g., computer
rooms, laboratories,clean rooms, test cells) and for temperature/humidity
control for experimentalspecimenmaintenance. The productionof conditioned
air consumesa portionof the energy specifiedin 2.5.2.3.
2.5.2.3 Electricity- Purchasedand Generated. As describedin the following
subparagraphs,KSC purchasesthe electricityrequired for daily operationof
the Center. In addition,emergencypower can be generatedby facilitieswith-
in the Center.
2.5.2.3.1 Purchased Power. Electric power is generated offsite by the
FloridaPower and Light Company. The Air Force administersthe contractwith
the power company and KSC reimbursesthe Air Force for the power used. The
power company supplies power at 115 kV to KSC-owned transformerswhich are
connected to the KSC undergroundand overhead 138 kV distributionsystems.
Electrical components of the distributionnetwork are made up of standard
industrial-typeequipment. KSC presently consumes approximately190 X lO6
kilowatt-hours(kWh) of electricalenergy per year. Consistentwith Presiden-
tial ExecutiveOrder 12003, "EnergyPolicy and Conservation"and NASA Energy
ManagementAction Plan, Revision2, dated February I0, 1977, KSC maintainsa
continuingenergy conservationand reportingprogram. Projected use of off-
site generatedpower is as follows:
Year kwh X 106 Year kWh X 106
1978 190 1982 212
1979 200 1983 210
1980 208 1984 205
1981 215
2.5.2.3.2 Generated (Emergency)Power. A permanentemergencypower generat-
ing plant (K6-1091)containing 5 diesel-drivengeneratorswith a total in-
stalledcapacityof 5,000 kilovolt-amperesis equipped for automaticstart and
load pickup to support STS processing in the event of commercial power
failure, brownout, or scheduledshutdown for maintenance. Supporting equip-
ment and facilitiesincludean undergrounddiesel fuel tank, a pad for fueling
by tanker truck, and sanitaryfacilitiesfor operatorsand maintenanceperson-
nel.
The Government Furnished Equipment (GFE) diesel-drivengeneratorshave been
modified to meet relevant air and noise pollution limitation requirements.
The diesel engines use approximately53 kiloliters (14,000gallons) per year
of number 2 diesel fuel having a low sulfur content. An oil interceptorsump
is provided to prevent water pollution. Silencing equipmentis provided to
muffle the noise from the generators, heat rejection is directly to atmos-
phere, and no water coolingsystem is required. Pad constructionimpounds
leaks and drips from fuelingoperations.
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At other strategiclocations,permanentlyinstalleddiesel-poweredgenerators
supply power for emergencycircuits in the event of commercialpower failure.
These 20 installationsvary in output from 5 kW to 1,200 kW and are similarto
those used in hospitals,telephoneexchanges, and law enforcementagencies.
Approximately49 kiloliters (13,000gallons) of diesel fuel per year are con-
sumed by operationof these generators. Mobile diesel generatorunits also
are availablefor one-timeemergencyuse or during plannedoutagesof individ-
ual facilities.
2.5.2.4 Potable Water. Potable water is purchased from the City of Cocoa,
Florida, under a contract administeredby the U.S. Air Force. KSC currently
is using about 1,540 kiloliters(405,000gallons)of potablewater daily which
is distributedthrough 77 kilometers (48 miles) of undergroundutility piping
network varyingin size from 53 centimeters(21 inches)to 15 cm (6 inches)in
diameter. Elevated and ground tanks provide storage for about 9,463 kilo-
liters (2,500,000gallons) of water. There are two chlorinationstationson
the system which are operated under strictly observed written procedures.
System water pressure is maintainedat a nominal 3,515 g/cm2 (50 psig). Pro-
jected increasesin annual consumptionof potablewater due to planned launch
rates are:
Year Kiloliters (Gallons) Year Kiloliters (Gallons)
1978 560,180 (148,800,000) 1982 926,568 (244,800,000)
1979 749,430 (198,000,000) 1983 l,065,856 (281,600,000)
1980 832,700 (220,000,000) 1984 1,308,096 (345,600,000)
1981 870,550 (230,000,000)
2.5.2.5 Sewage Management. The domesticwaste collectionand treatmentfa-
cilities at KSC consist of two major installations,the main plant at the
IndustrialArea and the main plant at the VAB. In addition,15 package plants
are distributedthroughoutthe Center (see table 2-4). The Industrialand VAB
plants have maximum capacitiesof 1,420 kiloliters (375,000gallons) per day
and 409 kiloliters (I08,000 gallons) per day, respectively. The package
plants, ranging from 3,785 liters (l,O00 gallons) per day to 190,000 liters
(50,000gallons)per day, have a total capacity of 1,088,270liters (287,500
gallons) per day. Thus, the facilitieshave the capacity to treat approxi-
mately 3,110,000liters (821,500gallons)per day. Operationand maintenance
of these facilities comply with State and Federal Water Quality Standards,
Federal Guidelines for Design, Operation, and Maintenance of Waste Water
Treatment Facilities,and E.O I1507, "Prevention,Control, and Abatement of
Air and Water Pollution at Federal Facilities." Only two plants produce
outfall, and both are NationalPollutionDischargeEliminationSystem (NPDES)
permitted. See table 2-4.
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Table 2-4. SewageTreatmentPlants
Plant Building Capacity LocationOn
No. No. Name (liters/da_l Figure 2-I
* l M6-895B Main Plant 1,420,000 5
2 M7-I162 Fluid Test Area 26,500 5
3 N6-2296A CentralTelemetry 37,900 5
* 4 K6-792 Main Plant - VAB 408,800 l
5 J8-1705 LaunchPad 39A 190,000 l
6 J7-384 LaunchPad 39B 190,000 l
7 K7-1205D Press Site LC-39 37,900 l
8 J8-2010 Launch Pad 39A 3,785 l
9 K7-464 PropellantFacilities 53,000 l
lO M6-409A (East) Visitors Info. Center 190,000 5
N6-409A (West) Visitors Info. Center 190,000 5
Il M5-1494A S-Band 57,000 USB
12 K7-520 PropellantFacilities 42,000 l
13 M7-1469A SAEF l (VPF) 7,600 5
14 M6-1671A Ransom Road 19,000 5
15 K6-1996E Contractor'sRoad 30,000 l
16 M3-7 Pass and Identification ll,O00 Gate 3
17 J6-2263 LandingAids ControlBldg 5,700 l
* NPDES permittedoutfall
In additionto these plants,there are lO domestictreatmentplants rangingin
capacity from 2 to 6 kiloliters (500 to 1500 gallons) per day (see table
2-5). There are also 13 septic tanks in areas so remote that hookup to the
sewer system is impractical in terms of volume, expense, and construction
impact on the environment(see table 2-6). Maximum flow through any one of
these systems is estimated to be less than 2 kiloliters (500 gallons) per
day. Varying numbers of portable toilets are located and relocatedto meet
temporaryrequirements.
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Table 2-5. DomesticTreatmentPlants
Plant Building Capacity LocationOn
No. No. Name (liters/day) Figure 2-I
l J8-15003 Operation SupportLO2 1900 l
LaunchPad 39A
2 J8-]614 OperationSupportRP-I 1900 l
LaunchPad 39A
3 K6-1141 C-5 Substation 1900 l
4 K6-I193 VAB RepeaterStation 1900 l
5 K6-1446 Tanker Overhaul 5700 l
6 J7-132 OperationSupportLO2 1900 l
LaunchPad 39B
7 J7-243 OperationSupportRP-I 1900 l
LaunchPad 39B
8 L7-1557 CIF AntennaSite 1900 l
9 K6-2196A Roads and Grounds 1900 l
I0 J7-1388 Water Pump Station 1900 l
Table 2-6. Septic Tanks
Septic LocationOn
Tank No. BuildingNo. Name Figure 2-I
l K7-188 MSS Park Site l
2 K7-1557 InstrumentationBuilding l
3 L5-683 FrequencyControland Analysis l
4 J6-553 WeatherSubstationB l
5 N6-1009 Pass and IdentificationBuilding Gate 2
6 M7-531 Banana River RepeaterStation 5
7 M7-867 Radar Range BoresightControlSite 5
8 Q6-82 Radar Station SR 528
9 M7-1410 HypergolModule StorageWest 5
lO M7-1412 HypergolModule StorageEast 5
II M7-1417 OrdnanceLaboratoryNo. 2 5
12 K7-557 Gate House l
13 K7-506 OrdnanceLaboratoryNo. l l
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These sewage treatment plants are supported by Domestic Waste System Mechani-
cal Facilities shops which provide services for planning, management, super-
vision, inspection, operations, maintenance, preparation of reports, systems
engineering, and operational readiness of the domestic waste collection and
treatment facilities. The sludge from these facilities is land-spread over 2
hectares (5 acres) of grassed areas at KSC at a rate of about 15,140 liters
(4,000 gallons) per day. Using the present methods of treatment, no sludge
cakes or semi-solids remain for disposal.
In addition to these plants, there are I0 domestic treatment plants ranging in
capacity from 2 to 6 kiloliters (500 to 1500 gallons) per day (see table 2-5).
There are also 13 septic tanks in areas so remote that hookup to the sewer
system is impractical in terms of volume, expense, and construction impact on
the environment (see table 2-6). Maximum flow through any one of these
systems is estimated to be less than 2 kiloliters (500 gallons) per day.
Varying numbers of portable toilets are located and relocated to meet
temporary requirements.
2.5.3 SHOPSAND LABORATORIES.Throughout the KSC and CCAFSareas, shops and
laboratories are provided and equipped to support every aspect of institu-
tional and programmatic activity.
2.5.3.1 Shops. Approximately 56 shops, occupying more than 34,100 square
meters (367,000 square feet) of floorspace, are used to furnish services for
maintenance, repair, and cleaning; machining, sheet metal working, and weld-
ing; printing and reproduction; photography and microfilming; calibration of
tools and machinery; gases and fluids handling; model-making; hypergolic
training; locksmith; and GSA motor pool. Table D-I of appendix D shows the
locations and sizes of selected shops, together with their major functions.
2.5.3.2 Laboratories. Approximately 77 laboratories occupying more than
16,350 square meters (176,000 square feet) of floorspace furnish capabilities
for communications equipment design, development, assembly, and testing; cali-
bration; receiving inspection; nondestructive testing of materials; chemical
and microchemical analysis; meteorological prediction; biomedical (crew and
cargo) support; flight crew clothing and equipment standards; maintenance of
measurement standards; and maintenance of exhibits (VIC). Table D-2 of appen-
dix D shows the locations and sizes of selected laboratories, together with
their major functions.
2.5.4 ROADSANDGROUNDS.This function provides services which include road-
way, shoulders, parking lot, and grounds maintenance and mowing; bridge lift
span equipment maintenance and operations; bridge and trestle maintenance;
crawlerway maintenance; minor construction; flood and erosion control; util-
ities trenching; quay walls maintenance and repair; overall land management
including grass cutting, fertilizing, mulching, sodding and planting; pest and
weed control; insect, rodent and reptile control; dead animal disposal; plac-
ing barricades and roped stanchions; refuse removal; survey and maintenance of
waterways, barge canal, and turning basin; and firebreak clearing.
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A nurserywith shadehouseis providedfor plantcultivationand preparation
for replanting.Occasionally,maintenanceand operationalrequirementsdic-
tate removalof variousplantsand smalltrees from certainareas. These
plantsare transplantedto the nurseryas stockto satisfyfutureminorland-
scapingrequirements.
An importantfeatureof the Roads and Groundsoperationis the use of chemical
compoundsfor the destructionor controlof unwantedvegetation,rodents,and
insects. All of these chemicalsare hereincollectivelytermedpesticides. A
listing of materials,purpose,application,and restrictionsis shown in table
2-7 for all pesticides used during 1977-1978. However, quantities and types
of pesticidesused can change as dictated by specificpests to be controlled,
pesticideeffectivity,toxicity,registrationrestrictions,and other factors.
Controlof pests and vermincannotbe accomplishedby any one tool. KSC has a
programof sanitationwhich effectivelyreducesthe need for excessiveuse of
pesticides. To further this reduction in the random use of pesticides,no
work of this type is performedon a regular, scheduled basis. All use of
pesticides is restricted to a demand basis. As alternativesto pesticides
(e.g., biological methods) are identified, NASA will evaluate and apply
acceptable techniques which will reduce or eliminate pesticide use to the
extent practicable.
2.5.5 WASTE MANAGEMENT. Operationsat KSC produceor result in large quanti-
ties of waste products. Solid wastes are almost entirely nontoxic and can be
disposed of in an environmentallyacceptablemanner at the KSC SanitaryLand-
fill. The small amount of chemicallyactive solid waste requiringcontrolled
disposal includesThermalProtectionSubsystem (TPS) residues,discardedtoxic
substancecontainers(e.g.,pesticides),and accumulatedsalt deposits. These
types of solid waste are collected,identified,and staged for offsitedispos-
al. Radioactivewastes are considereda specialcategory and are shippedoff-
site to a Federalrepository.
Chemical wastes must be disposed of by methods which are environmentallyac-
ceptable and economicallypractical. These wastes are identified,segregated,
and, as applicable,directed to the KSC Sanitary Sewage System, biologically
treated, incinerated, reclaimed, or delivered to offsite contractors for
disposal in accordance with environmentalrequirements. Facilities at KSC
include the Sanitary Sewage System, the Sanitary Landfill, Freon recovery
system,hydrocarbonrecoverysystem,mercury and silver recoverylaboratories,
incinerators,and stagingareas for those materialsto be pickedup by offsite
contractors. Chemical wastes in the staging areas are sent off site for
EPA-approveddisposal,treatment,or processingby a vendor under contractto
KSC.
Table 2-8 shows types and annual quantitiesof waste and the disposalmethod
dictatedby the characteristicsof the waste.
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Table 2-7. Purpose and Use of Pesticides in KSCAreal/
Common Method of Qty P_r
Pest Reason Name2/ Formulation Application Restrictions Year o/
(a) Vegetation, Weed abatement Dalapon 1.8 kg/liter Power Avoid drainage 227 kg
cattails of water sprayer and outfall
Johnson ditches near
grass, Ber- orange groves
muda grass
(b) Vegetation, Bare ground Diuron 4.5 grams/m2 Power High voltage 272 kg
perennial weed control in 379 liters sprayer substations.
weeds water Wind 13 km/h
(2.3 grams max
for retreat-
ment)
(c) All vegeta- Bare ground Prometryn 454 to 908 Hand appli- Avoid trees 2,722!
tion weed control grams per cation and ornamental kg
mz shrubs. Wind
13 km/h, max.
(d) Ragweed Broadleaf weed 2,4-D 908 grams per Power St. Augustine 379
thistles, control, main- Dimethyl m2 (479 grams sprayer grass lawns- liters
mallow, tain free Amine )er liter drainage and
docks, wild drainage Salt water) outfall ditches
morning ditches near citrus
glory, water groves
hyacinth
(e) Woody To maintain Ammonium 6.725 g/m2 per Power Orange groves, 91 kg
Plants- power lines Sulfamate m2 (6,725 g sprayer streams,
cedar, elm and road )er 379 liters ditches. Wind
gum, maple rights-of- water) 13 km/h, max.
oak, pine, way
willow
Table 2-7. Purposeand Use of Pesticides in KSC Areal/ (cont)
Comnon Method of Qty Per
Pest Reason Name2/ Formulation Application Restrictions Year 5/
(f) Aphids, Ornamental Malathi- 907 grams of Power Wind 13 km/h 76
scale in- plant pro- on 57% emulsion sprayer max. (No area liters
sects tection per 379 liters restrictions)
water
(g) Mosquitos Health and Malathi- 225 grams/ Nonthermal LOX storage 568
welfare on hectare- fog ULV areas. Wind liters
apply un- 13 km/h max.
diIuted
(h) Roaches, Health and Diazinon 3.8 liters/ Hand pres- After closing- I14
silverfish, welfare 93m2 sure spray- cover food and liters
ants er utensils
I (i) Roaches, Health and Propoxur 229 g/3.8 Hand- Same as (h) 114
silverfish, welfare liters per compressed plastic, liters
ants liter of air asphalt,
water per rubber tile
93 m2
(j) Flies Health and Pyrethrin 7 sec. s_ray Hand- Spray when un- 20
welfare per 28 m_ aerosol occupied cases
(k) Black Nor- Health and Warfarin 227 grams Hand placed Keep bait 2.3 kg
way rats equipment bait per boxes locked
protect i on star ion
(1) Sod web Protection of Carbaryl 397 ml to 76 Power Drainage and 57
worms, grass I i ters sprayer out fal I I i ters
caterpillars, ditches. Lakes
army worms and streams.
Wind 13 km/h
max.
Table 2-7. Pur)ose and Use of Pesticides in KSCAreal/ (cont)
Commo_ Method of Qty P_r
Pest Reason Name_/ Formulation Application Restrictions Year J/
(m) Ants - all Health and Carbaryl 227 g/9,3 m2 Hand Wind 13 km/h, 91 kg
stages morale duster max. (No area
restrictions)
(n) Termites Control Chlordane 3.8 liters Power Wind 13 km/h, 57
emulsion per sprayer max. (No area liters
360 liters restrictions)
water
I/ All pesticides are applied by trained personnel supervised by a graduate entomologist;
- reviewed by NASAAgronomist.
2/ The chemical names of ingredients may be found in FWGPM-Ithrough -15. See pages 94
- through 112 of reference 2-3.
I
3/ Approximate amounts.
Table 2-8. Wastes - KSC/CCAFS
Types of Chemicals Proposed Long- Projected
Waste Included in Present or Interim Term Treatment 1978 Annual
_ Categor_ Cate_or_ Treatment Methods Methods Waste Volume Volume
I. Trichlorotrifluoro-a. Recoveryby existing Onsite recovery by 0 2,490
Recoverable ethane contaminated onsite facilities KSC facility kiloliters
Freon ll3 with oxidizer,less b. Offsitereprocessing (kl)
than I% isopropyl c. Staginguntil long-
alcohol,or other term facilityis
contaminants operational
2. Water or isopropyl Incineration Same as present 303 kl 2,623 kl
Hypergolic alcoholcontaminat-
Fuel, Water/ ed with hypergolic
Alcohol fuel. Waste hyper-
r_ golic fuel
l
3. Petroleum base, Reclamation at LC-34 Same as present 284 kl 2,926 kl
Group 1 water insoluble facility, discharge with installation
Hydro- compounds only, of aqueous waste, and of ground water
carbons gasoline, motor utilization of recov- monitoring wells
oil, paint thinner, ered hydrocarbons as
lubrication oil, fuel
hydrocarbon sol-
vents
4. Bilge water and Gravity separation of Sameas present 1,514 kl 12,498 kl)ilge Water other water con- wastes at LC-15 with with installation
taminated with recovery of oil phase of four monitoring
traces of oil at LC-34. Aqueous wells
phase discharged to
biological treatment)ond
Table 2-8. Wastes - KSC/CCAFS(cont)
Types of Chemicals " Proposed Long- Projected
Waste Included in Present or Interim Term Treatment 1978 Annual
Category Category Treatment Methods Methods Waste Vol ume Volume
5. Unrecoverable tri- Storage at LC-34 for Sameas present 76 kl ,293 kl
Group 2 chlorotrifluoro- disposal by offsite with possible re-
Hydro- ethane, trichloro- contractor, PCBtrans- vision of storage
carbons ethylene, methylene former oils require logistics
chloride, other special handling and
halogenated hydro- offsite disposal
carbons, solvents, along with clothing
strippers, paints, contaminated with PCB
oils, glycols, lab
wastes, and trans-
former oils J
[polychl ori nated
biphenyl s (PCB)]!
"_ 6. Wastes from photo- Silver recovery at on- Sameas present 5 kl 314 kl
Recoverable graphic processes site facilities with
Silver effluents collected
and treated as Cate-
gory 8 waste
7. Contaminated Recovery at special Sameas present 45 kil- 544 kg
Recoverable mercury lab (Hangar L) with ograms
Mercury effluents col lected (kg)
and treated as Cate-
gory 5 and 8 wastes
8. Acids, bases, and Storage at LC-20 for Disposal at pro- 106 kl 5,265 kl
Metal- neutral solutions disposal by offsite posed onsite
contamin- containing toxic contractor metal wastes
ated levels of ionic treatment facil-
Wastes cont amination, i ty
chiefly etchants
and metal-cleaning
i=solut ions
Table 2-8. Wastes - KSC/CCAFS(cont)
Types of Chemicals Proposed Long- Projected
Waste Included in Present or Interim Term Treatment 1978 Annual
Category Category Treatment Methods Methods Waste Volume Volume
9. No Category 9 Collection and Definition will be 0 79,708 kl
SRBRefur- wastes generated evaluation for provided after
bishment at present. Chem- appropriate treatment first recovery of
Wastes istry uncertain SRB
I0. Acids and bases Storage at LC-20 for Neutralization at 15 kl 337 kl
Acids and which contain ac- disposal by offsite proposed onsite
Bases ceptable levels of contractor metals treatment
ionic contaminants, facility
photo developer
neutralized oxi-
dizer
II. Reaction products Incineration Sameas present 0 833 kl(.%1
co Fuel of hypergolic fuel
Scrubber vapors and 14%
Liquors citric acid solu-
tion
12. Reaction products Disposal by offsite Neutralization/ 0 3,989 kl
Oxidizer of hypergolic oxi- contractor precipitation of
Scrubber dizer vapors and toxic salts. Ef-
Liquors and 18% sodium sulfite fluent to land
Waste Oxi- and 5% sodium hy- spray.
dizer droxide solution
Waste nitrogen Used for fire training Mix with oxidizer
tetroxide with excess disposed by scrubber liquor
offsite contractor. Very
diluted mixtures are
discharged to percola-
tion/evaporation pond.
Table 2-8. Wastes - KSC'CCAFS(cont)
Types of Chemicals Proposed Long- Projected
Waste Included in Present or Interim Term Treatment 1978 Annual
Category Category Treatment Methods Methods Waste Volume Volume
13. Any source on the Storage at LC-19 for Same as present 208 to 416 2.9 kl
Radioactive registry. (Most offsite shipment to liters
Wastes contained in de- Federal repository
vices which are
sealed, plated,
or on foils.)
14. Paper, office Authorized for dis- Same as present 13.6 metric 13.6 m.t.
Inert Solid wastes, and sim- posal at Sanitary tons (m.t.)
Wastes ilar Landfill
15. Wastes not covered Treatment determined Interim methods Variable Variable
Special by preceding cate- on an individual will be studied
' Wastes gories, except for basis and improved
hazardous solid where feasible
wastes (Category
16)
16. Hazardous solid Storage for offsite Same as present 1.4 cubic 312 cubic
Hazardous chemicals, abla- disposal meters meters
Solid tive materials,
Wastes solid propellants,
etc.
2.5.6 LOGISTICS. Institutional and programmatic operations at KSC require
the continual receipt, off-loading, storage, and dispensing of large quan-
tities of equipment and supplies. A Central Receiving and Warehouse Facility
is used to stage much of the material. More than 22 different fluids and
gases are used in support of the Space Transportation System (some elements
are needed in both the liquid and the gaseous state, e.g., nitrogen). In ad-
dition, NASA-sponsored launches of expendable launch vehicles require the same
capabilities for 9 different fuels and fluids.
Tables 2-9 and 2-10 itemize these commodities for the STS and ELV's, respec-
tively, and list the quantities of each required for different aspects of
operations. Quantities listed in table 2-10 are developed figures and do not
represent actual quantities for a specific flight. Actual quantities required
for an individual launch are dictated by weight of payload, trajectory re-
quired, and desired apogee.
For the transportation of personnel and materials within the confines of KSC,
NASAmaintains a fleet of approximately 275 passenger vehicles (cars, vans,
and small buses) and about 550 light duty trucks. The older vehicles are
periodically sold at public auction to maintain the quality of the fleet.
2.5.7 EMERGENCYSERVICES. Personnel and equipment are provided for security,
fire protection, medical services, and all emergency response on a
24-hour-a-day basis. See figure 2-I for facility locations.
2.5.7.1 Security. KSC maintains a continuous program to provide personnel
identification and entry authorization, clearance of hazardous areas during
launch and landing operations, vehicular traffic control, control of secured
areas, classified document storage responsibility, and surveillance to prevent
theft and destruction of Government property. The Security Operations
Building (K6-I146) with an area of 453 square meters (4,875 square feet) con-
tains an administrative center and a central dispatching point. The building
also houses security records and provides for interrogation and temporary de-
tention. Pass and Identification Buildings N6-I009, occupying II0 square
meters (1,182 square feet), and M3-2, occupying 136 square meters (1,462
square feet), are located at Gates 2 and 3, respectively. Security gate
houses occupying 13 square meters (140 square feet) are also located at Gates
2 and 3. The other entrances to KSC, except the entrance from CCAFS, are pro-
vided with part-time security gate houses. Security gate houses are located
at eight sites on LC-39. Temporary entrance passes are issued at both Gate 2
and Gate 3 Pass and Identification Buildings. Permanent badges are issued
only at Gate 3. Badge or pass checks are made at security gate posts upon
entrance to the closed area.
The KSC installation is secured from trespass by land by a 3-strand barbed
wire fence along the south boundary, a stretch of approximately 18.5 kilo-
meters (11.5 miles), except at the Gate 2 site, where a 2-meter (6-foot) chain
link fence is used in the immediate vicinity of the gate. There is a 3-strand
barbed wire fence from water to water, a distance of 244 meters (800 feet), at
a narrow point 0.8 kilometer (I/2 mile) south of Haulover Canal.
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Table 2-9. Space TransportationSystem Fuels and Fluids
I/ 2_/ 31
Fluid Use OBq BLD B-A Unit
Liquid Hydrogen(LH2) Propellantfor ET; reactantfor 102,513 kg
fuel cell
Vehicle boiloff;loadinglosses;
conversionto GH2 44,588 kg
Quiescentboiloff _ 137,894 kg
Liquid Oxygen,High Propellantfor ET 609,638 kg
Purity (L02) Vehicle boiloff;loadinglosses;
(LAir= LiquidAir) and LAir 417,312 kg
LAir for SCAPE; quiescentboil-
off of Dewars 3,447,360 kg
LiquidOxygen,Fuel Fuel cell (reactantand ECLSS) 1,361 kg
Cell Grade (LO2) Conversionto GO2 for fuel cell
' purge;FSS servicing;transfer/
-_ loadinglosses 11,340 kg
GaseousHelium (GHe) ET, RCS, APU, OMS pressurant;
APU pressurantfor each SRB 510 m3
Purging,leak checking,and
inerting 20,957 m3
Generalsupport (purging,leak
checking, inerting) 77,880 m3
Gaseous Nitrogen(GN2). ECLSS atmospherediluent, hydraulic
system accumulatorpressurant;SRB
hydraulicsystem accumulator
pressurant 85 m3
Purging,leak check, inerting,
and drying agent I04,784 m3
Generalsupport (purging,leak
check, inerting,etc.) 2,180,640 m3
Table 2-9. Space TransportationSystem Fuels and Fluids (cont)
II 2/ 31
Fluid Use OBq BLD BA Unit
Liquid Nitrogen (LN2) Standbyfor GN2 pipeline;SCAPE
support 73,483 kg
Conversionto GN2; SCAPE; quiescent
boiloff 1,587,600 kg
Monomethylhydrazine OrbiterOMS and RCS fuel 5,366 kg
(MMH) HypergolTrainingFacility 3,629 kg
NitrogenTetroxide OrbiterOMS and RCS 7,873 kg
(N204) HypergolTrainingFacility 5,443 kg
Hydrazine(N2H4) Orbiterand SRB APU fuel 327 kg
r_ Mixed oxidesof nitrogen Enrichmentof NO contentof N204 907 kg
' (MON-IO)
Freon If3 Pad Hypergol oxidizersystem flush;
SCAPE flush 23,950 kg
Generalcleaning 498,960 kg
IsopropylAlcohol Pad hypergolfuel system flush 45,420 liter
Generalcleaningsupport 7,570 liter
Ammonia Orbitercoolantloop 68 liter
FC-40 Orbiterfuel cell coolant
(scheduledmaintenance) 45 kg
Scheduledmaintenance(twiceyearly
per Orbiter) 272 kg
Table 2-9° Space TransportationSystem Fuels and Fluids (cont)
11 2J 31
Fluid Use OBq BLD B--A Unit
Freon21 Orbiterradiatorcoolantloop 227 kg
Sample 5 kg
Scheduledmaintenance(once a 680 kg
year per Orbiter)
DemineralizedWater (DM) SRB flush 75,700 liter
Cleaningsolvent (component 7,570,000 liter
' cleaninglab)
HydrochloricAcid (HCI) Regenerantto produceDM 151 liter
Regenerantto produceDM 13,248 liter
Sodium Hydroxide(NaOH) Neutralizingagent (Freon);
regenerant(DM) 1,098 liter
I
' Regenerantto produceDM II,734 liter
PotableWater (Crew) Purchaseddrinkingwater for crew 45 liter
CoolantWater ECLSS and APU (scheduledmaintenance) 314 liter
Scheduledmaintenance(twiceyearly
per Orbiter) 681 liter
CarbonDioxide(C02). For charging annulusET GH2 vent line TBD
Diesel Fuel For operatingfive Paul rechargers 45,420 liter
HydraulicFluid Hydraulicsystems 450 liter
Scheduledmaintenance 2,725 liter
Table 2-9. Space Transportation System Fuels and Fluids (cont)
II 21 31
F1ui d Use OB-Q B_D ITA Unit
Halon 1301 Fire extinguishing agent 45 liter
Fire extinguishing agent 5,443 kg
Argon Welding and brazing 4,361 m3
Propane Firing GH2 1,135 liter
Various shops 45,420 liter
NOTES
!/ OBQ= Onboard quantity. This column lists the quantities of fluids
required onboard the Space Shuttle at launch.
l
2/ BLD = Base launch dependent. This column lists the quantities of
- fluids required at the various Space Shuttle ground facilities
to prepare the vehicle for launch.
_3/ BA = Base annual. This column lists the total annual quantities of
fluids required to support ground activities on a day-to-day
basis, regardless of launch schedules.
Table 2-10. ExpendableLaunchVehicle Fuels and Fluids
i
Delta Atlas-Centaur
1/ 2_/ I_/ 2_/
SubstanceUnit Base/Month- Amt/Launch Base/Month Amt/Launch
Aerozine kg l,814
-50
Gaseous m3 l,416 2,832 235,031 566,340
Nitrogen
Gaseous m3 l,416 4,248 16,990 33,980
Helium
Liquid kg 4,436 7,257
Hydrogen
Liquid metric 45 73 14 82
Nitrogen tons
Liquid metric 18 91 45 272
Oxygen tons
RP-I kl 32 57
(Highly
Refined
Kerosene)
Nitrogen kl 2,858
Tetroxide
Hydrogen kg 408
Peroxide
l_/ Base/month. This column lists the total monthlyquantitiesof fluids
requiredto supportground activitieson a day-to-daybasis, regard-
less of Iaunch schedules.
2/ hat/launch. This columnlists the quantitiesof fluids requiredto
accomplishthe launch of the specifiedELV.
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The KSC Secure Area of 30,741 hectares (75,960 acres) is the area between
Beach Road (Titusvilleto Playalinda Beach) and the KSC south boundary.
Security in this area is accomplishedby contractor personnel using patrol
cars and boats. The KSC area north of the secured area is patrolledby the
Brevard and Volusia County Sheriff Departments. KSC is also under
surveillanceby officersof the U.S. Fish and WildlifeService,Merritt Island
National Wildlife Refuge, and the National Park Service, CanaveralNational
Seashore. The Secure Area can be expanded or reduced to match the existing
launch or Orbiter landingpreparationsclearances.
2.5.7.2 Fire Protection. KSC fire protection is provided by mobile fire-
fighting equipmentoperatingfrom the fire station at LC-39 and from the fire
station in the KSC IndustrialArea. The KSC water distributionsystem pro-
vides water at all facilitiesfor firefighting. KSC facilitiesare equipped
with automaticfire detector alarm systems, and manual alarm systems,both of
which are connectedto a centraldispatchingsystem. Automaticfire suppres-
sion systems, including water sprinklers and Halon 1301 dispensers, are
installedin high-riskand mission-essentialsites. Manual spray systemsare
provided at many flight hardwareoperationalsites where hazardousoperations
are performed and fire-fighting equipment and personnel are stationed at
strategic field locations during hazardous operations to provide immediate
serviceas required.
The LC-39 Fire Station (K6-1198),near the VAB, is a three-stallone-floor
metal structureof 692 square meters (7,445square feet) includingfireman's
quarters. The IndustrialFire Station (M6-695)is located near the KSC Head-
quartersBuilding and servesall of the KSC IndustrialArea. It is a standard
five-stall station for crash and structuralfire trucks, firefightingequip-
ment, offices, and quarters for operatingpersonnel,all contained in a one-
floor concrete block structurehaving 937 square meters (10,088square feet)
of floorspace. The Fire and Rescue Training Area (L7-999),located between
the IndustrialArea and LC-39, is a 305-meter (l,O00-foot)square facility
located in a 9-hectare (23-acre)area improvedwith specializedinstallations
for trainingfiremen and techniciansin the use of equipmentand procedures,
particularlywith respectto hypergolicchemicals. The Fire and Rescue Drill
Tower (L7-889)is a 77-squaremeter (833-squarefoot) structurelocatedin the
Fire and Rescue Training Area and is used for training firemen in interior
rescuework. A buffer zone is providedfor blast and toxic clearances.
2.5.7.3 Medical Services. KSC maintains a Medical and EnvironmentalHealth
Progranthat covers a wide variety of health protectionservicesfor KSC work
forces as well as medical supportfor launches,tests, and simulationactivi-
ties. The Medical Program includes,among other items: emergencydiagnosis
and first aid treatment for injuries or illness of anyone at KSC; emergency
transportation;health examinations;immunizations;and treatment, therapy,
and medication to varying degrees, as provided by regulations,for job and
non-job related ailments. The EnvironmentalHealth Program includes indus-
trial hygiene, radiologicalhealth,and environmentalsanitation.
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The IndustrialDispensaryprovidesmedicalexaminationand emergencytreatment
for personsworking near the KSC IndustrialArea. It also supportsthe outly-
ing first aid and medical treatment stations. The building is equippedfor
employmentphysicals,innoculations,and emergencytreatment. The Dispensary
is a one-floorconcrete block structureof 1350 square meters (14,534square
feet) locatedat C Avenue and SecondStreet in the KSC IndustrialArea. Major
items of equipmentavailableat the Dispensaryare a large X-ray unit, fluoro-
scope and camera, complete fixed electrocardiographequipmentand walkaround
sets, many minor items for first aid and therapy, and all types of laboratory
and test equipmentfor completephysicalexaminations.
The VAB has a dispensary and first aid station occupying203 square meters
(2,184square feet). An area of 173 square meters (1,862 square feet) in the
O&C Building (M7-355)is dedicatedto medicalpurposesfor the astronauts.
2.5.8 VISITORS SERVICES. NASA provides for (1) the local, national, and
overseas visitorswho daily enter the Kennedy Space Center, (2) the periodic
public viewing of space vehicle launches and (near future)Orbiter landings,
and (3) members of the news media. Moreover, the well-attended Merritt
Island National Wildlife Refuge and most of the Canaveral National Seashore
lie within the boundariesof KSC.
2.5.8.1 Visitors InformationCenter. The Visitors InformationCenter (VIC)
is located about lO kilometers (6 miles) east of U.S. Highway I. Facilities
include a main building with exhibits, lecture and audiovisual theaters,
public bus tour accommodations,and a booth staffedby the Space Coast Tourism
Committee to answer inquiriesabout food, lodging, travel routes, and dis-
tances and to provide other travelerassistance. Restroom accommodationsand
a Pet Kennel for temporarycare of visitors'pets also are provided. Nearby
are an Exhibit Building (Hall of History),a souvenir store, and a Food Ser-
vices Facility. The entire VIC area, including visitor parking lots, bus
parking and maintenance,and a sewage plant, occupies about 26 hectares (65
acres);occupiedfloorspaceexceeds6,500 squaremeters (70,000square feet).
The guided Bus Tours, operating daily until 2 hours before sundown, provide
viewingand opportunityfor picture-takingof KSC and Cape CanaveralAir Force
Station (CCAFS)installations. Short stops are made at the Vehicle Assembly
Building (VAB), the Launch Control Center (LCC), launch pads at Complex 39
(from which the Space Shuttle will be launched), the Flight Crew Support
Building in the KSC IndustrialArea, the Space Museum, and several historical
launch pads at CCAFS. Patronageof the Bus Tours reached a peak in 1972, the
final year of the Apollo lunar landing program, and is expected to surpass
that mark by 1980, during the Space TransportationSystem era. CombinedVIC
and Bus Tour patronageand projectionsthrough 1984 providethe followingfig-
ures:
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Actual Projected
Year Attendance Year Attendance
1966 219,537 1979 1,690,000
1967 644,069 1980 1,780,000
1968 823,909 1981 2,040,000
1969 1,424,069 1982 2,350,000
1970 1,260,601 1983 2,590,000
1971 1,296,744 1984 2,840,000
1972 1,736,303
1973 1,580,401
1974 1,098,433
1975 1,460,263
1976 1,421,708
1977 1,397,003
1978 1,612,066
2.5.8.2 Public Viewing Areas. During the Space TransportationSystem era,
the greatest concentrationsof viewers within KSC to witness Space Shuttle
launches and Orbiter landings will probably occur along the Kennedy Parkway
and on the NASA Causeway. These two locationsoffer excellent unobstructed
observationof activities. Therefore, portable sanitary facilitieswill be
scheduledand locatedin the same manner that proved to be satisfactoryduring
the Apollo program. Also, the feasibilityof installingpublic address sys-
tems for traffic controlby segmentsis being studied. This plan might fore-
stall mass exodus trafficjams.
2.5.8.3 Press Sites. Press activitiesare presentlyoperated from the KSC
News Center located in the HeadquartersBuilding. During NASA launchesof ex-
pendable launch vehiclesfrom CCAFS facilities,press operationsare centered
about Press Site l, midway down the geographicalcape to the east of Cape
Road.
During the manned Apollo,Skylab, and Apollo-SoyuzTest Project launchesfrom
Complex 39, onsite news operationswere centered about a press site on the
west side of the Barge Terminal Facility adjacent to the VAB. Sited atop a
mound overlookingthe Barge Terminal is a grandstandcapable of seating300.
The mound facilitiesprovide excellentviews of both Complex 39 launch pads.
During a manned Apollo launch, the press site accommodatedup to 3,500 news
media representatives. Nearby is a parkingarea capableof handlingup to 500
cars and 15 buses.
Near-term projects proposed includea permanentlyactive press operation at
the Complex 39 mound facility and viewing site on the east side of the SLF.
A new 557-squaremeter (6,000-squarefoot) press facilitywill be constructed
within the existingComplex39A press area which is locatedjust southwestof
the Barge Terminal Facility. Sanitary facilitieswill be providedfor press
representative_and guests. Additional portable comfort stations will be
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located throughout the Barge Terminal area and the VAB parking lots to
accommodatethe expectedvisitorsarrivingat the sites by charteredbuses and
private cars. These contractor-providedfacilities are similar to those
furnished during the Apollo launches and have proved to be adequate,
efficient,and economical.
Starting with the fifth launch of the Space Shuttle, it is expectedthat the
returningOrbiterwill land at the KSC 4,572-meter(15,000-foot)ShuttleLand-
ing Facility (SLF). Constructionof limited press facilitieswill include
erection of viewing bleachersjust north of 32nd St. N.W. and approximately
380 meters (1,250 feet) from the east side of the SLF at the 2,286-meter
(7,500-foot)location,togetherwith parkingareas for the expected buses and
automobiles.
2.5.8.4 Merritt IslandNationalWildlifeRefuge. The MerrittIslandNational
Wildlife Refuge (NWR) coincides with the boundaries of KSC. The area is
administeredby the U.S. Fish and Wildlife Service. Under FWS supervision,
the public is invited to enjoy freshwater and saltwaterfishing, controlled
waterfowlhunting,wildlife observation,and nature photography. In 1977 over
2,800,000visitswere made to the Refuge.
2.5.8.5 Canaveral National Seashore. Canaveral National Seashore was
establishedin 1975 under the provisionsof Public Law 93-626. As a result,
about 16,600hectares (41,000acres) of the CNS are withinKSC boundaries. Of
that area, the National Park Service (NPS) administers2,693 hectares (6,655
acres) and the Merritt Island National Wildlife Refuge (NWR) manages the
remaining 13,909 hectares (34,345acres). Conveniencesare provided at the
beach for the public and include a parking area for approximately 750
vehicles,portable toilets, identifiedtrash containers,and dune-protecting
crossoversand boardwalks. In 1977, nearly 600,000 visitors experiencedthe
benefits of the CNS and PlayalindaBeach.
2.6 CONSTRUCTIONOPERATIONS
The followingparagraphsdiscuss constructionin progress on new facilities,
modificationsto existing facilities,and proposed new construction. Figure
2-I, in combinationwith table 2-3, indicatesthe locationsfor these activi-
ties.
2.6.1 CONSTRUCTIONI PROGRESS.
2.6.1.1 Modifications to the Operations and Checkout (O&C) Building. Modifi-
cations to the high and low bay areas of the O&CBuilding are being performed
to install Spacelab flow processing testing equipment, to provide clean room
conditions for payload handling equipment (cranes, dollies, racks, and
pallets), and to furnish mobile service units (vacuum systems, hydraulic serv-
icing carts, and glycol environmentalcoolingcarts).
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2.6.1.2 Vertical Processin_Facility. Modificationsto this facility,also
known as SAbF No. l, includeenlargementof an existing parkingarea, modifi-
cation of the south access door and roof to accommodatepassageof the trans-
porter and the verticalpayloadcanister,and erectionof a 2.5-meter(8-foot)
chain link securityfence aroundthe entire property.
2.6.1.3 SRB Recovery and DisassemblyFacility. Constructionof this facility
entailsexcavationfor, and fabricationof, the SRB slip and bulkheads,facil-
ity construction,and developmentof a land spray area to treat effluentsfrom
planned operationalactivities. Modificationsto permit berthing of the re-
trievalvesselsalso are plannedfor this site.
2.6.1.4 Mobile Launcher Platform. Three Mobile Launcher Platforms are lo-
cated within the KSC area. One is receivingmachineryand equipmentto ready
it for the first Shuttle launch from Pad 39A. A secondMLP, locatedoutside
of the VAB, is being reconfiguredto Shuttle requirements. The third MLP,
presentlyin the Apollo Launch UmbilicalTower configuration,is availablefor
modificationat a later date.
2.6.1.5 Launch Pad 39B. Extensivemodificationsto Launch Pad 39B are being
conducted to ready this facility for the launch of the Space Shuttle. All
activitiesare of the type associatedwith the construction,modification,and
installationof launch supportequipmentsimilarto what has been done on Pad
39A.
2.6.2 PROPOSEDCONSTRUCTION.
2.6.2.1 Modificationfor STS Payload Support. An existing building in the
HMF Complex,M7-1210,has been reservedfor modificationsto supportSTS auto-
mated payloads. As plans mature, an EnvironmentalAssessment will be per-
formed for this project.
2.6.2.2 OccupationalHealth/Dispensary.Plans are being reviewedto remodel
an existing building,M5-495, to add a four- to five-bed emergencyfacility.
An alternateplan under study is to providefacilitiesfor helicoptertrans-
port for patientsto a nearby hospitalfor immediateattention. An Environ-
mentalAssessementwill be performedas part of the decisionmakingprocess.
2.6.2_3 Modificationsto Hangar L. Plans are being formulated to provide
modificationsto Hangar L for a research laboratoryequipped for biological
analyses of flight and control specimensof animalsand plants, plus standard
laboratoryequipment;facilitiesfor the receipt,examination,quarantine,and
maintenance of specimens also are proposed. These facilities must include
provisionsfor environmentalcontrol,sanitation,furnacefor cremation,stor-
age space for routine and sterile supplies,and office space. An Environ-
mental Assessmenthas been made (reference2-4).
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2.6.2.4 Crawler Transporter Maintenance Facility. Modification of the
Crawler Transporter maintenance area is planned to provlde a building for gear.
train servicing, mechanical servicing, and hydraulic components and system
testing. Outside the new building, but within the fenced parking area, two
slit trenches will be constructed, each housing a hoist platform. The hoists,
each having a capacity of 4,536 kilograms (lO,O00 pounds), will be on do]lies
that move manually on steel rails from a point below the track to an open
access area outside the Crawler Transporter area perimeter. The two slit
trenches will each have a floor drain to a sump and sump pump.
Construction of this facility, if approved and funded, will take place in a
previously disturbed area. Alternate locations and solutions for current
operations were studied and dis_carded because they would not meet the
increased maintenance requirements during the Space Transportation System
program. An Environmental Assessment of Crawler Transporter maintenance
operations was performed (reference 2-5).
2.6.2.5 Press Facility. During the Space Transportation System era, press
accommodations will be provided just southwest of the Barge Terminal Facility.
A 174-square meter (6,000-square foot) news facility will be built which will
have the capability of being expanded to 290 square meters (I0,000 square
feet). This facility will include the necessary working quarters and confer-
ence areas. An existing parking area will handle up to 500 cars and 15
buses. An Environmental Assessment will be made as plans mature.
2.6.2.6 OrbiterLanding ViewingSite. Beginningwith Space ShuttleFlight5
(SS-5),the Orbiter will land at the KSC Landing Facility. Plans are under
way to provide a viewing site to accommodatethe press and invitedguests on
the east side of the landing strip near the 2,286-meter (7,500-foot)mark.
This site wi]l accommodateapproximate]y4,250 guests and 750 news media rep-
resentativestravelingin 50 buses and 250 cars. An EnvironmentalAssessment
will be performed.
2.7 TENANTOPERATIONS
Leases of property within the KSC boundaries which are not related to space
activities are administered by the Department of the Interior. Under this
arrangement, the National Park Service administers all National Seashore
leases; the U.S. Fish and Wildlife Service administers all others. For de-
tails, see 4.4 and 4.5.
Land acquisition to establish KSC included 1,016 hectares (2,511 acres) of
citrus groves having an appraisedvalue of $7.2 million. The ideal location
of these groves on Merritt Island offers growing conditionsrarely subjected
to frost. The Indian River area is recognizedas the source of some of the
highestqualitycitrus in the United States. In order to conservea valuable
Government asset and to continue an operation importantto the stabilityof
the local economy, the decision was made to out-lease the existing citrus
groves. The lesseesand the Governmentreceivemaximum revenuewith a minimum
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of administrativecosts by grouping these groves into nine leasing units.
This has provided an incentivefor the lessee to practice needed topping,
hedging,cleaning ditches,planting new trees in skips, or removingunprofit-
able trees and replacingthem with new trees. The best interestsof NASA are
served becausethe groves improvewith age. These arrangementsalso encourage
more growersto participatein the bidding. By the terms of their contracts,
the lesseesof citrus groveswithin the KSC confinesmust purchase,apply,and
reportthe applicationand quantitiesof fungicides,insecticides,herbicides,
and nutritional chemicals necessary for grove protection and productivity.
The citrus grove lessees apply the minimum amounts of chemicals necessaryto
accomplishthe intendedpurpose. Table 2-11 provides a listingof materials,
purpose,and quantitiesused during 1977-1978.
In addition to these operations,KSC has establisheda 96-hectare (238-acre)
recreationalarea known as Complex 99, which is administeredby the Kennedy
Athletic, Recreation,and Social Organization(KARS). Approximately40 hec-
tares (lO0 acres) is maintainedwith facilitiesfor family picnics, sports,
swimming, and club activites. This area is located on the Banana River at
Hall Road and is open to all NASA and contractorpersonneland their families.
Outleasingof facilitiesis providedfor approvedactivitiesto organizations
outsideof KSC.
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Table 2-11o Purpose and Use of Pesticides _/ in KSC Citrus Groves
Yearly Rate
(Active Application
Pest or Purpose of Common Ingredients ) Rate _z
..Condition Chemical Name k_ II_) g/hectare Ilb/acre)
Nutritional Nutritional Manganese 656 1,447 67 6
disorders Zinc 755 1,655 90 8
Greasy Spot, Fungicide Copper 3--/ 3,182 7,014 90 8
Melanose, Benlate 80 177 34 3
LemonScab,
Fungus
diseases
Scale insects, Insecticide Spray Oil 54,272 119,648 482 43
Rust mites, Sulfur 4-/ 19,043 41,981 560 50
Spider mites Chloroben- 2,528 5,574 II 1
' zilate
Ethion 1,052 2,320 34 3
Weeds Herbicide 2,4-D 27 60 22 2
2,4-STP 54 120 22 2
DowponC 47 103 112 I0
Sodium-TCA 23 51 56 5
Diuron 287 633 56 5
Bromacil 409 902 56 5
I_/ Including nutritional chemicals, fungicides, insecticides, and herbicides.
2_/ Most chemicals are applied in a water solution at approximately 31 liters per hectare (500
gallons per acre) [1016 hectares (2511 acres)]. A tractor-drawn 1.9-kiloliter (500-gallon)
tank with an air-blast sprayer is used. Somesmall amounts are dispensed by aircraft and some
sulfur is dry-dusted.
3_/ Copper sulfate or oxide is both a nutritional and fungicide on citrus.
4_/ Sulfur furnishes nutrition, is an insecticide, and helps to buffer alkaline soil.
NOTES
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SECTIONIII
DESCRIPTIONOF EXlSTING ENVIRONMENT
3.1 INTRODUCTION
In this section, the reader is provided with a thorough description of the
past and present factors which have shaped and are now affecting the environ-
ment in Brevard County in general and the Kennedy Space Center (KSC) in par-
ticular. Topics discussed include topography, geology, climatology, hydrol-
ogy, air quality, water quality, land quality, noise, sonic boom, ecological
resources, and social and economic resources. Numerous maps, charts, and
tables are provided to condense the data presented.
3.2 REGIONALPHYSIOGRAPHY
3.2.1 TOPOGRAPHY.The general topography of the KSC area and Brevard County
is characterized by a marine terrace system formed during the Pleistocene
epoch. As the ocean receded, a series of north-to-south barrier beach and
dune systems were formed. The plain or flatland between a previous dune
system and a more easterly newly forming system emerged as a terrace. When
the ocean receded further, new dunes built up and older ones eroded. Cape
Canaveral and Merritt Island are recently formed dune systems and the Banana
and Indian Rivers are submerged terraces inundated by brackish water. The
physical influences which have shaped the present topography of Cape Canaveral
and Merritt Island include the longshore current, the onshore/offshore
breezes, and natural land building processes. The project area is part of a
barrier beach system which is bordered by the Silver Bluff marine terrace on
the northeast and the Pamlico marine terrace on the west. The Pamlico and
Silver Bluff terraces stand at 8 to II meters (25 to 35 feet) and 0.9 to 2.4
meters (3 to 8 feet) above mean sea level (msl), respectively. Cape Canaveral
and Merritt .Island have numerous strands of north-to-south dune ridges which
are approximately 3 meters (I0 feet) above msl. In figure 3-I, the
topographic characteristics for KSC and the surrounding area are illustrated(reference 2-I).
3.2.2 GEOLOGY. During the Eocene epoch, the Florida peninsula was inundated
repeatedly by the sea. Between inundations, limestone formations in Brevard
County were exposed to erosion. Erosion is thought to have reduced the thick-
ness of the limestone formations and is responsible for several missing layers
of Oligocene and Lower Miocene Age deposits. The existing Oligocene and Lower
Miocene deposits consist of a thick series of sands, silts, and clays of vary-
ing thickness. Generally, the first 12 to 18 meters (40 to 60 feet) consist
of loose to fairlycompact fine sands and shelly sands. The silts and clays
range from soft to moderately stiff. These deposits overlie the Hawthorn For-
mation which consists of calcareous clays and silts, sandy phosphatic
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limestone,and phosphaticclay. Local sand and shell beds also occur within
the Hawthorn Formation. In certainareas a thin, hard limestoneor siltstone
occurs about 9 to II meters (30 to 35 feet) above the top of the Ocala Group.
The HawthornFormationis generallyrecognizableby its phosphaticcontentand
its olive-greencoloration.
The Ocala Group containsthe CrystalRiver, Williston,and InglisFormations.
These formations are abundant with cavities and consist of Eocene limestone
which is creamywhite in color. The Ocala Group overliesthe Avon Park Forma-
tion which ranges in color from light brown to white and is chalky in texture.
In some places,the Avon Park Formationhas been changed largelyto dolomite.
The lower portion of the Avon Park Formationis relativelyimpermeableand is
believedto retardthe verticalmovementof water. The upper part of the Avon
Park Formation is the principal source of deep artesian wells in Brevard
County. In figure 3-2, a generalizedgeologic column for Brevard County is
iIIustrated.
Conglomeratesof shell, limestone,and sand depositedin the Pleistoceneand
recent eras make up the five general soil associationsfound at KSC and Cape
CanaveralAir Force Station (CCAFS).The distributionof these general asso-
ciations is presented in figure 3-3 (reference3-I) and is discussedin the
followingtext.
a. Paola-Pomello-AstatulaAssociations are nearly level to strongly
sloping, excessivelyto moderatelydrainedsoils and sandy throughout
the profile. In the KSC area, these soils are found on long, narrow
ridges usually less than 3 kilometers (2 miles) wide between the
IndianRiver and the BananaRiver and along the KennedyParkway.
Paola soils are nearly level to strongly sloping,excessivelydrained
sandy soils on ridges. Vegetationincludessand pine, scrub live oak,
turkey oak, scatteredsaw palmetto,runner oak, rosemary,and grasses.
These soils formed in thick beds of eolian sands. Permeabilityis
very rapid throughout the profile. Organic matter is low. These
soils are very stronglyto medium acid (4.5 to 6.0). The water table
is usuallybelow a depth of 305 centimeters(lO feet).
Pomello soils are nearly level,moderately well-drained,sandy soils
on broad, low ridges and knolls throughoutthe flatwoods. Vegetation
is scattered long needle pine, scrub live oak, saw palmetto, and
native grasses. These soils formed in thick beds of marine sands.
The water table is within 75 to lO0 centimeters(30 to 40 inches) of
the surface during the rainy season. Permeabilityis very rapid in
the upper 125 centimeters(50 inches)of soil. Organicmatter is low.
These soils are stronglyto very stronglyacid (4.5to 5.5) throughout
the profile.
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Astatula soils are nearly level to gently sloping, excessively drain-
ed, sandy soils on ridges. These soils formed in sandy marine or
eolian sediments and are more than 95-percent quartz. Organic matter
is low. Permeability is very rapid throughout the profile. The water
table is usually below a depth of 305 centimeters (I0 feet). These
soils are very strongly to slightly acid (4.5 to 6.5). The natural
vegetation is long needla uSeaW scattered scrub oak, and scrub
hickory.
b. Canaveral-Palm Beach-Welaka Associations are nearly level to gently
sloping with moderately well-drained to excessively drained Soils and
are sandy throughout.
Canaveral soils are excessively drained and appear on narrow ridges
and sloughs parallel to the Atlantic Ocean. The natural vegetation
supported by these soils is saw palmetto, scrub oak, and cactus on the
ridge, and various salt-tolerant grasses in the slough where this soil
is poorly drained. The water table varies between 25 and I01 centi-
meters (I0 and 40 inches) in the wet season and below 152 centimeters
(60 inches) in the dry season. This soil is not suited for ornamental
or agricultural crop cultivation.
Palm Beach soils are excessively drained and appear on dunelike ridges
parallel to the Atlantic Ocean. Permeability is very high throughout,
and water table depths average 3 meters (I0 feet). The natural vege-
tation associated with this soil includes prickly pear cactus, scrub
live oak, sea oats, and sea grapes. This soil is not suited for orna-
mental or agricultural crop cultivation.
Welaka soils are nearly level and well drained, on moderately broad
ridges interspersed with long narrow sloughs. Water table depths are
generally below 152 centimeters (60 inches). The natural vegetation
is dominated by pine and saw palmetto. The soil is not suited for
agricultural or domestic plant cultivation.
c. Myakka-Eau Gallie-lmmokalee Associations are nearly level, poorly
drained soils, sandy throughout to a depth of I01 centimeters (40
i nches) and 1oamy bel ow.
Myakka sands are nearly level, poorly drained soils on broad flatwoods
and areas between ridges. Water table depths vary from 25 to I01 cen-
timeters (I0 to 40 inches) during the dry season and less than 25 cen-
timeters (I0 inches) during the wet season. Flooding may occur for 2
to 7 days once in 1 to 5 years. Natural vegetation is characterized
by slash pine with an understory of saw palmetto and wiregrass. This
soil association is suitable for pasture and lawn grass if adequately
drained.
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Eau Gallie sands are nearly level, poorly drained soils on broad and
low ridges. Water table depthsvary from 25 to lOl centimeters(lO to
40 inches) during the dry season and less than 25 centimeters (lO
inches)in the wet season. The naturalvegetationis dominatedby the
flatwoodscommunity.
Immokaleesands are nearly level and poorly drained. They occur in
sloughsand narrowareas betweendune ridges. Water table depths vary
between 25 and lOl centimeters(lO and 40 inches) in the dry season
and less than 25 centimeters(lO inches) in the wet season. Flooding
may occur for 2 to 7 days once in l to 5 years. Natural vegetationis
characterizedby slash pine, wiregrass, and saw palmetto. If ade-
quately drained, this soil is suitable for vegetable crop, pasture
grass, and lawn grass cultivation.
d. Copeland-WabassoAssociationsare nearly level, very poorly drainedto
poorly drained, sandy to depths of lOl centimeters (40 inches), and
loamy below.
Copeland soils are nearly level, poorly drained soils on low flats.
Water table depths vary between 25 and 76 centimeters (lO and 30
inches) during the dry season, and less than 25 centimeters (lO
inches)doing the wet season. Flooding occursfor approximately7 to
30 days once in 5 to 20 years. Limestoneor coquina rock may underlie
this soil. Naturalvegetationincludescabbagepalms, live oaks, bay,
and magnolia. If drainage is adequate,these soils are suitablefor
ornamentalplants,clover,and pasturegrass cultivation.
Wabasso soils are nearly level,poorly drainedsoils on low ridgesand
floodplains. These soils were formed in sandy marine sedimentsover
loamy materials. Water table depths vary from 25 to 76 centimeters
(lO to 30 inches)during the dry season and less than 25 centimeters
(lO inches) during the wet season. Flooding occurs2 to 3 days once
in l to 5 years. Natural vegetationis characterizedby slash pine,
runner oak, and saw palmettoon low ridges,and cabbagepalm and live
oak in the floodplain.
e. Salt Water Marsh-Salt Water SwampAssociations are nearly level, very
poorly drained, saline to brackish soils of variable textures. Marsh
soils may be shallow sands over marl or limestone, irregularly
stratified mixed sand and shell fragments, silty clays over sand and
shell, or deep organic material. Natural vegetation is the salt marsh
community. Swampsoils consist of mixed sand and organic material.
Neither soil is suited for cultivation; however, they do provide sub-
strata for marsh and swampplants which support migratory and wading
birds. The coastal marshes and swamplands play an important role in
marine and terrestrial ecosystems.
3-8
3.2.3 CLIMATOLOGY. KSC experiencesboth tropical and temperatemeteorologi-
cal influences. The Florida peninsula is insulatedby the warm FloridaCur-
rent which flows south along the Florida west coast and northwardalong the
Floridaeast coast to Vero Beach. The influencesof this currentare notice-
able as far north as Cape Canaveral where the Florida peninsula'scontour
moves northwestaway from the current.
The dominant weather pattern (May to October) is characterizedby southeast
winds which travel around the BermudaAnticyclone. With the wind comes mois-
ture and warm air which helps create almost daily thundershowers(reference
3-2). Approximately70 percent of the average annual rainfall occurs during
this period. The monthly precipitationaverage is lO centimeters(4 inches),
with the greatest amount of rain occurring in September. Although tropical
depressionsand hurricanesoccur throughoutthe wet season,only 24 hurricanes
have passed within 185 kilometers(lO0 nauticalmiles) of KSC and CCAFS since
1887. None has ever centeredthe Cape Canaveralarea.
Temperaturesduring the wet season average 26 degrees Celsius (79 degrees
Fahrenheit) and rarely exceed 32 degrees Celsius (90 degrees Fahrenheit).
Relativehumidity averages90 percent in the early morning hours and declines
to approximately70 percent by early afternoon. Weather patterns in the dry
season (November to April) are influenced by cold continentalair masses.
Rains occur when these masses move over the Florida peninsulaand meet warmer
air. In contrastto localized,heavy thundershowersin the wet season, rains
are light and tend to be uniform in distributionin the dry season. In the
dry season,total rainfallaverages38 centimeters(15 inches).
Dry season temperaturesaverage 18 degrees Celsius (64 degrees Fahrenheit),
but have sharp gradientswhen the cold air masses move over the project area.
Although the extreme low temperatureshave usually not gone below 0 degree
Celsius (32 degrees Fahrenheit) in the past decade, the recent winters have
had longer cold periods.Relative humidity during the dry season averages55
percent. In table 3-I, the KSC and CCAFS meteorologicaldata for the past
14/15years are summarized.
The qualityand characteristicsof the atmospheredeterminethe loadingcapac-
ity of the air and its abilityto dispersegases and particulates. The atmos-
phere for the purposesof this assessmentis discussedin terms of two meteor-
ological systems and the interrelationshipof these two systems with wind
speed,wind persistence,and atmosphericstability(reference3-3)
a. Surface Atmosphere. The surfaceatmosphereextends from ground level
to l,O00 meters (3,281 feet). Wind directions are influenced by
seasonal meteorologicalconditions and by the thermal differences
between the AtlanticOcean and the Cape Canaveral-MerrittIsland land
mass.
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Table 3-I. Climatological Data for the Cape Canaveral - Merritt Island Land Mass
Yr
J F M A I M , J I J A S 0 I N ,D Ann Rcd
Temperature (°C)
Highest 28 I 30 31 35 1 35 37 i 35 35 35 33 1 30 29 37 15
Meandaily max 21 21 23 25 1 28 30 I 31 31 30 27 { 24 21 26 14
Mean daily rain II 12 14 17 1 19 22 I 23 23 23 21 J 16 12 18 14
Lowest -2 l -2 -I 7 I 8 14 J 17 18 17 8 i 0 -4 -4 15
Mean no. of days
Max temp >32°C 0 0 0 0 I * 4 6 6 1 * I 0 0 17 14
Min temp <O°C * * * 0 l 0 0 I 0 0 0 0 * * 1 14
Precipitation (no snowfall)
Mean (cm) 7.49i 8.64 10.49 5.11 1 4.57110.74J14.48 15.16 22.48 12.95i 8.76J4.01 125 14
Mean no. of days
>1.27 cm 1.9 I 2.4 2.6 1.2 I 1.1 2.8 I 3.6 3.6 4.9 2.7 I 2.2 I1.1 29.9 14I
,,.J
o Relative humidity (%)
Mean 80 J 80 78 75 1 77 I 81 I 83 84 82 79 i 79 79 80 14
Maximum24-hour precipitation 17.42 centimeters 6.86 inches) (records kept for 15 years)
Flying weather- annual percentages for various categories
A. Ceiling >305 meters and visibility >5 kilometers 97.6%
B. Ceiling-I-52 to 274 meters and visi_lity >1.6 kilometers or visibility >1.6 kilometers
but <5 kilometers and ceiling >152 meters- 1.5%
C. Ceiling <152 meters and/or visibility <1.6 kilometers 0.9%
Source: National Oceanographic and Atmospheric Administration
Note: Asterisk denotes less than 1 day.
Heat is gained and lost more rapidly from land than water. During a
24-hour period, water may be warmer and again cooler than adjacent
land. Cool air replaces rising warm air creating offshore (from land
to ocean) breezes in the night and onshore (from ocean to land)
breezes in the day. These sea breezes have been recorded at altitudes
of 1,000 meters (3,281 feet) and higher, and reach further inland dur-
ing the wet season. Figure 3-4 illustrates day and night mean wind
direction patterns. Seasonal wind directions are influenced primarily
by continental temperature changes. In general, the fall winds occur
predominantly from the east to northeast. Winter winds occur from the
north to northwest shifting to the southeast in the spring and then to
the south in the summer months. Figure 3-5 presents seasonal wind
direction distributions.
Atmospheric stability is inversely related to the dispersion of gases
and particulates. Stable conditions can result in poor dispersion and
are most likely to occur during the evening hours. Figure 3-6 illus-
trates the frequency distribution of the classes by hours of the day.
Table 3-2 presents seasonal distribution of atmospheric stability. In
general, atmospheric conditions are most stable in the winter months
(reference 3-2).
Table 3-2. Atmospheric Stability at 18-Meter Altitude
Summer Winter
June - Aug Dec - Feb Annual Average
Atmospheric Stabi I ity
Turbulence Classification I/ _2/ I/ 2__/ I_/ _2/
Extremely
Unstable 1.8 2.8 0.6 2.2 1.I 2.9
High Unstable 4.4 3.7 1.9 4.1 2.8 4.1
S1i ghtly
Unstable 19.4 4.6 12.9 5.1 15.2 5.0
Moderate Neutral 44.9 4.3 40.4 5.1 44.9 4.9
Slightly
Stable 21.4 3.1 28.9 4.3 24.6 3.8
Low Stable 7.3 2.1 12.9 3.0 9.8 2.7
Extremely
Stable 0.8 1.6 2.6 2.6 1.6 2.3
I/ Percent of the time
2_/ Meters per second (windspeed)
3-II
NNNW NNE
NW NE
WNW ENE
W
wsw ESE
SW SE
_W _E
S
Figure3-4. Wind Directions- Day and Night 8-Year Distributions:
Cape Canaveral'-Merritt IslandLand Mass
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Figure 3-5. Seasonal Wind Directions - Lower Atmospheric Conditions: 
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Figure3-6: FrequencyDistributionof AtmosphericStabilityClassesby Hoursof the.Day:
CapeCanaveral- MerrittIslandLandMass
b. Upper Atmosphere. The upper atmosphere extends from 1,000 meters
(3,281feet) to 5,000 meters (16,404feet). Above 2,000 meters (6,562
feet), the wind directionis primarilyfrom the west. Between l,O00
and 2,000 meters (3,281and 6,562 feet),wind direction is influenced
slightly by the thermal differences between the land and water.
Figure 3-7 summarizes upper atmospherewind direction distributions,
and table 3-3 summarizesthe dispersioncharacteristicsfor different
atmosphericlayers.
c. Air Pollution Potential. The KSC area can be characterizedas one
offering a low potential for accumulationof air pollutants. This
derives from good ventilation,absence of topographicbarriers, and
generallyfavorableclimate. Figure 3-8 presents a map summarizing
the number of "episode"days in 5 years, expressedas isoplethsacross
the United States. Episodedays are defined as conditionsof mixing
heights < 1500 meters (about 5000 feet), wind < 4 meters per second
(about 9- miles per hour), and no signific_t precipitation for
episodeslastingat least 2 days. The seasonwith the greatestnumber
of episodedays is indicatedas winter (W), spring (SP), summer (SU),
or autumn (A). These conditionsof air stagnationwould be conducive
to accumulation of materials released to the atmosphere and the
buildup of pollutants. As indicatedby the dots on figure 3-8, the
data for Floridawere gatheredat Tampa and Miami; it can thus be seen
that central Florida shows one of the lowest incidences of air
stagnationof any area of the contiguous48 states.
Analyses of the foregoingclimatologicaldata indicatethat prevailingwinds
will generallycontributeto dispersionand enervationof the concentrations
of atmosphericpollutants. The data also show that atmosphericinversion,a
meteorologicalconditionthat could cause an effluentto retain its coherency
rather than to disperse readily, occurs rarely over the KSC area, and even
then, under predictableconditions. Therefore,air quality impacts are most
likelyto be of short durationand pollutantswill be rapidlydispersed.
3.2.4 HYDROLOGY.
3.2.4.1 Surface Water. As shown in figure 3-9, the surface waters which
drain Cape Canaveraland Merritt Islandare the MosquitoLagoon (also known as
the Indian River Lagoon), Indian River, Banana River, Banana Creek, and
numerouscanalsthroughoutthe area. The Banana and IndianRivers are lagoons
which drain approximately2,170 square kilometers(838 square miles) of land.
The Banana River is directly connectedto the AtlanticOcean by an artificial
inlet and locks at Port Canaveral. The IndianRiver is indirectlyconnected
to the AtlanticOcean on the north by HauloverCanal,MosquitoLagoon, and the
Ponce de Leon Inlet, and on the south by SebastianInlet.
The Banana River is a northeastextensionof the Indian River Basin and is
separatedfrom the IndianRiver by MerrittIsland. Banana Creek connectedthe
Banana River to the Indian River before the Complex 39 Crawlerway was
constructed. The creek still drainsthe area north of the Crawlerwayinto the
Indian River. South of the Crawlerwaythe ground waters drain to the Banana
River.
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Figure 3-7. Upper Air Wind Rose at KennedySpace Center
(From 7 AM and 7 PM RawinsondeData, 1957-1967)
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Table 3-3. Atmospheric Dispersion Characteristics: Cape Canaveral -
Merritt Island Land Mass
Atmospheric Layers; Characteristic
Altitude Range Temperature Structure Wind Structure Mixing Rate
Below nocturnal inversion Increase with height Very light or calm Very poor
0 to 500 m
Below subsidence inversion Decrease with height Variable Generally fair
0 to 1,500 m to inversionbase
Troposphere (above Decrease with height Variable; increase Generally very
boundary layer) 0.5 to with height good
I0 kmI
SOURCE:
STERN, A. C. ED, AIR POLLUTION VOL I, PAGE 668,
THIRD EDITION, ACADEMIC PRESS INC., 1976.
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Neither lagoon system is influenced by tides in the KSC area because of the
distance and the effect of natural and manmade constrictions between these
systems and the ocean. Winds are primarily responsible for water movement;
however, fresh water surges during the wet season have a slight influence on
those movements. Dike and drainage systems in the project area discharge to
both the Indian and the Banana Rivers. The Indian and Banana Rivers and
Mosquito Lagoon are estuaries representing nurseries which provide habitats
for wading and migratory birds and for commercially important fish, shellfish,
and sportfish. Several sections of the rivers are used for commercial and
sport fishing, and the Intracoastal Waterway lies in the Indian River.
Mosquito control canals and impoundments are maintained throughout the Indian
and Banana River basins. Mosquito control is accomplished by flooding marsh-
lands where the mosquito breeds. The impoundments and canals have extensively
altered the productivity and stability of many coastal marshes and have shift-
ed the fauna and flora composition of the basins from the previous natural
state.
Portions of Cape Canaveral and Merritt Island are characterized by high
ground-water conditions. Excessive rainfall in these areas which cannot be
entirely absorbed by the nonartesian aquifer remains on the surface until it
flows off or evaporates. Complete saturation could occasionally occur during
the wet season if a network of drainage canals did not exist. Figure 3-10
illustrates the locations of flood-prone areas in the project area. These
areas now receive special evaluation as required by Presidential Executive
Order 11988 and the regulations of 14CFR, paragraph 1216.204.
3.2.4.2 Ground Water. Ground water underlying the project area occurs under
both confined (artesian) and unconfined (nonartesian) conditions. The non-
artesian aquifer is composed of the Pleistocene and recent deposits. This
aquifer is exposed to the land surface and will absorb water until it is
filled by rain. After the saturation point has been reached, additional water
will remain on the ground surface until it flows off or evaporates. Water
percolating through the sandy soils of the project area quickly moves to the
zone of saturation, the upper surface of which is the ground water table.
Permeable areas above the water table hold some water due to the molecular
action between the sand grains. The nonartesian aquifer is recharged by local
rai nfal I.
The Floridan Aquifer, an artesian aquifer, underlies the project area. The
Ocala Group and the Avon Park Formation comprise the Floridan Aquifer in
Brevard County. Rain falling to the west of Brevard County recharges the
Floridan Aquifer. Recharge also occurs in certain areas between the Silver
Bluff and Pamlico Terraces. The coefficient of storage in the upper part of
the Floridan Aquifer in Brevard County is 0.0008 and transmissibility is 3,725
kiloliters per day per meter (300,000 gallons per day per foot). In figure
3-11, the hydrologic conditions of Brevard County are diagrammatically
illustrated.
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Figure 3-10o lO0-Year Floodplain Within KSCBoundaries
3-21
P R E G I P I T A T I ON
Recharge to surface-water bodies
.-Recharqe to nol_artesian' aquifer I _ H
Recharge Io artesian oqliifer -I _ Dlschorge from artesian aquifer _ "-_
WILl. _ /FLOWING ARTESIAN
SO_ level
-I00'-
°400' -
FLORIDAGEOLOGICSURVEY
Figure3-11. GeneralizedHydrologicColumn:BrevardCounty
Residual salt water entered the Floridan Aquifer during the Pleistocene era.
It is slowly being flushed as fresh water recharges the aquifer. Flushing has
proceeded less rapidly in the western portions of Brevard County where the
chloride levels are highest along a fault. The piezometric surface of the
Floridan Aquifer is slightly above mean sea level in north coastal Brevard
County where increased pumping has resulted in saltwater intrusion from the
Atlantic Ocean and the Indian and Banana Rivers. Figure 3-12 shows the
potentiometric characteristics of the ground water at KSC.
3.2.4.3 Oceanography. The Atlantic Ocean borders CCAFSon the east. Out to
depths of about 18 meters (60 feet), sandy shoals dominate the underwater
topography. The bottom continues seaward at about the same slope out to about
48 kilometers (30 miles) where it drops downward to the 731- to 914-meter
(2,400- to 3,000-foot) depths of the Blake Plateau. The Blake Plateau extends
out about 370 kilometers (200 nautical miles) to the Blake Escarpment.
Water movements in the area have been investigated by oceanographers of the
Woods Hole Oceanographic Institute (WHOI) and the Chesapeake Bay Institute
(CBI) of Johns Hopkins University working in support of Space Nuclear Systems
Division, U.S. Atomic Energy Commission (AEC). The results of a study (refer-
ence 3-2) carried out during March and April of 1962 by WHOIindicate a shore-
ward direction of the current at speeds of several kilometers per day for the
entire depth, surface to bottom, in the region out to depths of 18 meters (60
feet). Wind-driven currents generally determine the current flow at the
surface. In the region out to the sloping bank (Blake Plateau), the flow is
slightly to the north with an eastward reversal when the winds blow to the
south. Water over the Blake Plateau flows to the north most of the time [the
Florida Current of the Gulf Stream which begins at the Straits of Florida and
runs northward to Cape Hatteras at a mean speed of about 6.4 kilometers (4
miles) per hour]. Longshore currents continually deposit sand on the beach
during the summermonths (April through September). During the winter months,
beach sands are removed and redeposited in offshore sandbars. These currents
are separate from offshore currents and are dependent on wind for direction.
3.3 ENVIRONMENTALQUALITY
3.3.1 AIR QUALITY. The quality of the atmosphere at KSC is considered to be
quite good, due primarily to its remoteness from major sources of pollution.
Regional air quality is primarily influenced by industrial and private sources
rather than by sources within KSC. The major sources of air pollution in the
KSC vicinity and their estimated discharge rates of pollutants are tabulated
in table 3-4. During only 4 to 6 percent of the year (see figure 3-4) does
the wind blowing across the utility power plants listed in table 3-4 impinge
directly on KSC. The atmospheric dispersion of pollutants from the power
plants, due to the 18- to 29-kilometer (II- to 18-mile) transport, is good,
resulting in low ambient readings determined by KSC instrumentation.
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Figure3-12. FloridanAquiferCharacteristics:Potentiometric
Surface,GeneralGroundWater Divides,and Directionof Flow
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Table 3-4. 1975 EmissionEstimatesfor BrevardCounty1/
(metrictons/year)
Company Location Part• SO2 NO2 HC CO
BelcherOil Co. Port Canaveral 1.8 25.4 8.2 0 0
MelbourneWater Melbourne If.8 3.6 7.3 0 0
FloridaP & L Frontenac 396 9,730 I0,313 512 5
GeneralDevelopment --- 7.3 28 15.4 0.9 l
Harris Corporation Palm Bay 24.5 6.4 0 69.9 0
Macasphalt Nalabar lO 122 28.l 1.8 0
OrlandoUtilities Bellwood 2,152 29,023 9,730 219 305
Weekly Lumber Co. Rockledge 21.8 6.4 0 0 0
1/ From NationalEmissionData System via FloridaDepartmentof Environmental
Regulation,Tallahassee,Florida
The only real exceptionto this situationoccurs during periodswhen an inver-
sion overlay is in effect. Then the laminar flow characteristicsof a low-
velocitywind combinewith the creationof a meteorologicalceilingto inhibit
normal diffusion and dispersion functions, resulting in a visible trail of
pollutantsdirectly from the source'to the downwind section of the country-
side.
Recentlyacquiredair qualitymonitoringequipmentat KSC (includingthe capa-
bility to measuretoxic gases generatedduring launches)and State air quality
measurementssince 1973 have provided data confirming the absence of major
pollutants in the KSC vicinity (references3-4 and 3-5 ). During 1978, for
example, the range of pollutant concentrationswas (in micrograms per cubic
meter): (1) sulfur dioxide: 0 to 176; (2) nitrogen dioxide: O to lO0;
(3) particulates:12.76 to 94.36; and (4) ozone: 4 to 382. Data on hydro-
carbons and oxides of carbon are not availableat this time. Table 3-5 lists
the currentnationalambientair qualitystandards.
Ozone measurements made using new EPA calibration standards (ultraviolet
source) and new national ambient air quality standards (240 vs. 160 micro-
grams/cu,meter) currently show only isolated, seasonal (spring,fall) high
levels of ozone which appear to correspondwith certain weather patterns and
may involve long-range transport phenomena. KSC limitationson mechanical
activityand proscribedburningrestrictthe amount of pollutantsenteringthe
atmosphere. Thus the major sourcesof air pollutantsgeneratedwithinKSC are
privatemotor vehiclesand launchesof space vehicles.
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Table 3-5. AmbientAir QualityStandards
National
PolIutant Primary Secondary FIorida
Particulatematter (micrograms/cu.meter)
Annual 2/ 75 60 60
4-hour 260 150 150
Sulfur dioxide (micrograms/cu.meter)
Annual o/ 80 (0.03)l/ 60 (0.02)
24-hour- 365 (0.14) - 260 (0. I)
3-hour 1300 (0.5) 300 (0.5)
Carbonmonoxide (milligrams/cu.meter)
8-hour 4_/ lO (9) 10 (9) 10 (9)
3-hour 40 (35) 40 (35) 40 (35)
Photochemicaloxidants (as ozone)
(micrograms/cu.meter)
l-hour 240 (0.12)5/ 240 (0.12)5/ 160 (0.08)
' Nonmethanehydrocarbons(as methane)
(micrograms/cu.meter)
6-9 A.M., 160 (0.24) 160 (0.24) 160 (0.24)
Nitrogen dioxide (micrograms/cu. meter)
Annual _3/ I00 (0.05) 100 (0.05) I00 (0.05)
I/ Concentrationsin parenthesesare in parts per million.
2_-/Calculatedas the geometricmean.
3/ Calculatedas the arithmeticmean.
_/ Concentrationsspecifiedfor averagingtimes of 24 hours or less
are not to be exceededmore than once per year.
_/ Reflects current1979 EPA standards. "Photochemicaloxidants"
hasbeen changedto "ozone".
Source: FloridaSulfur- Oxides Study Inc. (reference3-6, page 3-13)
3.3.2 WATER QUALITY. The surface waters surroundingKSC are brackish la-
goons. Those waters north of KSC are class II (suitablefor shellfish har-
vesting and the propagationof marine life). Waters to the south, west, and
within KSC are consideredclass Ill (suitablefor fish and shellfishpropaga-
tion and water contact sports) pursuantto Chapter 17.3 of the FloridaAdmin-
istrativeCode. MosquitoLagoon and the portion of the Banana River that is
adjacentto KSC and CCAFS are classifiedas aquatic preservespursuantto the
Florida statutes. KSC is part of the St. Johns River Water ManagementDis-
trict.
As requiredby section I06 of the FederalWater PollutionControlAct (FWPCA)
as amended,Public Law 92-500 (33 U.S.C.,paragraph1256),the FloridaDepart-
ment of EnvironmentalRegulation (DER) completed a statewide revision of
stream segmentdelineation,classification,and rankingwhich now providesthe
basis of priorityfor all DER water programactivities. In this endeavor,the
13 major river basins in the state were divided into If5 segments. The seg-
ment delineationsgenerallyincludethose surfacewaters which have common hy-
drologicalcharacteristics,commonnatural,physical,chemical,and biological
processes,and common reactionsto externalstresses.
KSC and CCAFS lie, for the most part, in stream delineationsegments27.1GA
and 27.1EA. Of the ll5 stream segments in the State, segments,27.1GA and
27.1EA rank 83rd and 72nd, respectively. Relative to those nine stream seg-
ments that are contained in the FloridaEast Coast Basin, segments27.1GA and
27.1EA rank 5th and 3rd, respectively.
In general, lagoonalwater quality is considered good, but variablewith re-
gard to turbidity. Winds affect the lagoonal systems significantly. Figure
3-13 depicts lagoonalwater qualityat four generallocationsaroundKSC (ref-
erence 3-7). Ground water quality at KSC is poor, as shown in figure 3-14
(reference3-8). An ongoingwater quality program at KSC monitors outfalls;
table 3-6 and figure3-15 providethe most recent information.
3.3.3 LAND QUALITY. Figure 3-16 shows the general land use at KSC. Table
3-7 shows the total land area at KSC categorizedby basic land qualitytypes.
See 3.2.1 and 3.2.2 for detailsof topographyand soil types.
It can be fairly stated that the quality of land within the boundariesof KSC
has been protectedduring the planning,construction,and operationof facili-
ties directly involved in launch operationsand facilities used for support
functions. The presence of KSC has isolated this large and environmentally
importantsegmentof the FloridaEast Coast from the type of extensivecommer-
cial developmentthat has occurredto the north and south of its boundaries.
This protectivephilosophywill be continued.
Approximately80 percent of the undevelopedland within the KSC boundaries
falls within the definition of floodplainsand wetlands; controls have been
establishedin consonancewith PresidentialExecutiveOrders I1988 and 11990.
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STATISTICAL WATER PARAMETERS
Ave. St.Dev. Min. Max.
Temp. 28.30 1.94 24.00 31.50
SoL 27.6 3.2 10.0 34
pH 7.95 0.54 6.70 8.80
D
Nitr. 0.08 0.03 0.03 0.19 _'
Phos. 0.07 0.04 0.00 0.18 LEGEND
(_O TEMPERATURE DEGREES CELSIUS
I Turh. 26.1 22_2 4.0 200
r_ SALINITY PARTS PER THOUSAND
CO Area 1 Year: 1972
DISSOLVED OXYGEN PARTS PER MILLION
NITRATE PARTS PER MILLION
INDIAN RIVER
PHOSPHATE PARTS PER MILLION
TURBIDITY JACKSON UNITS
i j q_-
Or$1nO Cou$ewoy
Figure3-13. LagoonalWater QualityatKennedy Space Center(Sheet1 of 4)
I STATISTICAL WATER PARAMETERS
Ave. St. Dev. Min. Max.
Temp. 28.69 2.19 23.50 32.00
Sal. 30.0 1.8 22.0 39
pH 7.90 0.43 6.80 8.90
D.O. 5.39 0.32 4.79 5.69
Nitr. 0.09 0.04 0.02 0.18
Phos. 0.07 0.08 0.0 0.66
Turb. 25.0 14.2 20.0 125
Area 2 Year: 1972
INDIAN
RIVER
,2i
ITUSVILLE b
Figure3-13. LagoonalWater Qualityat KennedySpace Center(Sheet2 of 4)
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STATISTICAL WATER PARAMETERS
Ave. St. Dev. Min.
Temp. 29.00 1.59 24.80 33.00
SaJ. 31.1 2.0 21.0 36
pH 7.62 0.14 7.40 7.80
D.O. 5.14 1.66 3.20 7.03
Nitr. 0.07 0.03 0.02 0.12
Phos. 0.10 0.10 0.02 0.61
Turb. 35.0 16.6 4.0 147 Q
Area 3 Year: 1972
Figure3-13. LagoonalWater Qualityat KennedySpace Center(Sheet3 of 4)
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Figure3-13. LagoonalWater Qualityat KennedySpace Center(Sheet4 of 4)
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Figure 3-14. GroundWater Qualityat KennedySpace Center(Sheet1 of 4)
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Figure3-14. Ground Water Qualityat KennedySpace Center(Sheet2 of 4)
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Figure 3-14. Ground Water Quality at Kennedy Space Center (Sheet 3 of 4)
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Figure 3-14. Ground Water Quality at Kennedy Space Center (Sheet 4 of 4)
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Table 3-6. Typical Water Quality at 12 Selected Sites
(I0 March 1978)
Di ssol ved Di ssol ved Fecal
Oxygen B.O.D. I/ Sal i nity Sol ids Col iform Bacteria
(mg/l) (mg/l)-- (ppt)Z/ pH (mg/l) (no. /I00 ml )
1.3/ Banana River 9.1 1.2 30.5 7.9 33,500 0
2. Main Canal -
Ind. Area 6.5 5.2 5.3 7.0 22,100 I00
3. RansomRoad 4.3 5.2 2.1 7.2 2,430 900
4. Indian River 8.4 3.0 16.5 7.7 4,560 1
5. Tour Bus Maint. 1.2 5.4 2.0 7.1 8,070 25
, 6. VIC Polishing Pond 13.64/ 10.6 1.4 8.7 6,920 42n
7. Banana Creek 7.3 3.6 10.5 7.9 29,700 24
8. Barge Canal 8.5 3.2 35.0 7.6 33,533 23
9. Complex 39A Culvert 6.1 2.4 26.5 7.5 29,620 2
I0. TowwayS. Side 7.1 3.0 3.3 7.3 6,760 70
II. Towway N. Side 9.1 11.7 2.0 7.4 2,328 35
12. RunwayS. Side 7.6 4.8 4.6 7.9 5,280 70
I/ Biochemical Oxygen Demand
_/ ppt = Parts per thousand
3/_ Numbers refer to locations on map shown in figure 2-I.
4_/ Abnormally high dissolved oxygen reading due to unknown interference.
\
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Figure 3-15. Location of Ground Water Monitoring Wells at
Kennedy Space Center
3-37
\Figure3-16. Categoriesof Land Use:Cape Canaveral-
Merritt IslandLand Mass
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Table 3-7. Land QualityInventory- KSC
Flood
General Approx. Hazard
Descrip- %/Total (water
Association tion Area PotentialUses table) )H Tendency
Paola- Sandy 7.5 Best for con- None Low - Acidic
Pomello- ridges struction
Astatula soil, citrus
Canaveral- Dunes and lO Wildlife,native None High - Basic
Palm Beach- ridges )lants,recre-
Welaka ation
Myakka- Flat- 60 Citrus,pasture- Infrequent Low - Acidic
Eau Gallie- woods land, construc-
I_nokalee tion, upland
wildlife
Copeland- Hamnocks 7.5 Citrus,pasture- Frequent Neutral
Wabasso land, construc-
tion, upland
wildlife
Salt Water Marshes 15 Wetland,wild- Continuous High - Basic
Marsh-Salt & Swamps life, recreation
Water Swamp
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3.3.4 NOISE. The 24-houraverageambientnoise level on the KSC is apprecia-
bly lower than the EPA recommendedupper level of 70 dBA (reference 3-9).
This is on a scale rangingfrom approximatelylO dBA for the rustlingof grass
or leaves to ll5 dBA, the unprotectedhearing upper limit for exposure on a
missile or space launch.
The backwoodsand NationalWildlife Refuge areas of KSC are exposed to rela-
tively low ambient noise levels, in the range of 35 to 40 dBA. In these sec-
tions, it is possibleto identifybird calls from distancesof severalhundred
meters. The traffic access routes during periodsof heavy flow are rated at
about 65 to 70 dBA, measured at 30 meters (lO0 feet) from the trafficartery.
During past periods of construction,the use of heavy equipmentsuch as dump
trucks, bulldozers,draglines,and earthmoversproduced noise levels as high
as 95 to lO0 dBA.
The active NASA expendablelaunch vehicleprogramusing Atlas-Centaur,Delta,
and Titan-Centaurvehicles has producedthe highest launch pad noise levels
during the past year. The Atlas-Centaurand Delta vehicleshave lower launch
noise levels [ll4 to ll8 dBA at distancesof 1,524 to 1,829 meters (5000 to
6000 feet) from the pad] than the previous Apollo Saturn program and the
future Shuttle program. Observer areas and security zones are located on a
basis of ll5 dBA maximum for visitor protection.
3.3.5 SONIC BOOM. The term sonic boom actually describesthe receptionof
bow shock waves generatedby a vehicle travelingat supersonic speeds. The
dynamic characteristicsincludethe rise time, overpressure,time of duration,
and impulseunder a wave. All of these characteristicsare a function of the
size and velocityof the generatingvehicle. All missiles and space vehicles
that are successfullylaunched from the KSC and CCAFS produce a sonic boom;
however,these booms are producedwell out over the ocean,away from the popu-
lated coast and do not affect land masses at all. Ships and aircraft in the
area likelyto be affectedare warned prior to each launch.
3.4 ECOLOGICALRESOURCES- FLORA AND FAUNA
Merritt Island supports large and diverse communitiesof flora and fauna.
Much of the islandhas been maintained in an undevelopedstate as a result of
protection within the Merritt Island National Wildlife Refuge and the
Canaveral NationalSeashore. The area is a mosaic of natural and developed
coastal communities typical of east-central Florida and includes citrus
groves,shorelineand standingwater vegetationin impoundmentsand construc-
tion ditches, vegetation in abandoned pastures and around old homesites,
plantings of Australian pine, eucalyptus,and Florida holly, and cultivated
vegetation (grasses and ornamentals)along roads and around KSC and CCAFS
facilities. The diversity of flora and fauna in this area is made even °
greaterby the fact that MerrittIsland is the northernmostarea in the United
States with both tropicaland subtropicalspecies. Figure 3-17 presentsa map
of key environmentalfeatures in the north Merritt Island area and a map of
selected vegetationtypes is enclosed in a pocket on the rear cover of this
EIS.
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Figure 3-17. Key Environmental Features: Cape Canaveral -
Merritt Island Land Mass
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3.4.1 METHODS OF CLASSIFICATION. Detailed floral and faunal surveys of
Merritt Island were conductedby Sweet, Ehrhart, and Stout (references3-I0
and 3-11). They identified34 differenttypes of communitiesand classified
them primarilyby height of vegetation (grass, low shrubs, and trees), and
secondarilyby substrate moisture and salinity. They grouped these commu-
nities under the followingmajor headings:strand,dune, flatwoods, hammock,
marsh, mangrove, and submergedmarine. Many of the conventionalcommunity
designationswere not directlyapplicableto the vegetationof Merritt Island,
so new or modified old designationswere used. In addition,one must realize
that variationamong communitieson the islandis continuous;thus, all commu-
nity designationsand groupings are largely arbitrary,simply to facilitate
description. The informationand designationsused in the following discus-
sions of the flora and fauna of Merritt Island are taken from the sources
referencedabove.
3.4.2 COMMUNITIES.
3.4.2.1 Strand_ Dune_ and Scrub. Most of the eastern portion of Merritt
Island is characterizedby communitieswhich are common to the sand dunes on
the east coast of CentralFlorida.
a. Strand. The strand communities(the front of the primarydunes) are
_ized by sea oats and beach grassesalong with other representa-
tive plants such as pennywort,croton,and railroadvine.
b. Dune. Behind the strand communities exist dune communities which
occupy varying degrees of the crests and back sides of the primary
dunes. Dune communitiesare characterizedby saw palmetto, tough
buckthorn,beach grass, and sea grape.
c. Scrub. Coastal scrub communitiesexist behind the primary dunes and
on the alternatingridges and depressionsof the multiple secondary
dune systemwhich is extensivein this area. The ridges are charac-
terized by saw palmetto,coral bean, saltwort,prickly pear cactus,
broomsedge,Spanish dagger, lantana,sand live oak, tallow-wood,wax
myrtle, runneroak, and Chapman'soak. The depressionsare dominated
by cabbagepalm, wax myrtle,southerncedar, and moonvine.
Fauna commonly found in this coastal portion of the island are beach mouse,
spottedskunk, easternkingbird,gophertortoise,and peregrinefalcon.
3.4.2.2 Flatwoods. The central part of Merritt Island is covered by
flatwoods. In general, the flatwoods are dominated by saw palmetto,
fetterbush,oaks, dwarf wax myrtle, huckleberry,blueberry, and wire grass.
They are typically dominated by woody plants which, except for occasional
trees, are 0.6 to 3 meters (2 to I0 feet) tall. When trees do occur, they are
usually stands of slash pine. Scattered throughout the flatwoods are
extensive areas called grassy swales. The vegetationon these small (less
3-42
than an acre), circular to elongated land areas is predominately grasses and
herbs, with an outer margin of either dwarf live oak or runner oak. The
grasses include such species as broomsedge and wire grass.
The fauna of the flatwoods include: cotton rats, cotton mice, golden mice,
rabbits, skinks, armadillos, tortoises, turtles, black racers, rattlesnakes,
lizards, towhees, mockingbirds, warblers, and hawks.
3.4.2.3 Hammocks. Clumps of tall, closed forest communities (hammocks) are
scattered throughout Merritt Island. The two most frequently occurring types
are hardwood hammocks and palm hammocks. The hardwood hammocks include such
species as live oak, palms, marlberry, lancewood, bays, red mulberry, wild
coffee, and hackberry. In very wet areas (swamps) elms, red maples, sweet
gums, and laurel oaks dominate. Palm hammocks are almost entirely cabbage
palm with occasional ferns or grass. Light intensity is so reduced beneath
the palm canopy that little else is able to grow.
The fauna of the hammocks include: treefrogs, toads, frogs, skinks, cotton
mice, squirrels, armadillos, raccoons, and opossums.
3.4.2.4 Marsh. Marsh communities located on low wetlands are scattered
thoughout t--FTecentral regions of Merritt Island and are also found around the
fringes. These marsh areas differ in the composition of their vegetations
depending on the salinity of the water. Marsh areas in which the water is
saline or brackish are characterized by cord grass, saw grass, salt grass,
black needle rush, and sea oxeye. Extensive stands of willow are often
present around these types of marshes. In the freshwater marshes are found
such species as sun dews, red root, groundsel, leather fern, cattails,
heartweed, hemp weed, persimmon, red maple, and willows. Standing water in
these freshwater marshes is characterized by water lily, spatterdock,
arrowhead, duckweed, and water ferns.
The fauna of the marsh include: cotton rat, raccoon, rails, heron, ibis, and
egrets.
3.4.2.5 Mangroves. Mangrove communities are located around the fringe of the
island, in some impoundments, and in a few areas near Mosquito Lagoon. The
communities are composed primarily of red and black mangroves but have other
species such as saltwort, leather fern, sea oxeye, white mangrove, and
buttonwood.
The fauna of the mangroves include: brown pelicans, ibis, egrets, herons, and
red-winged blackbirds.
3.4.2.6 Submer_ed Marine. Saline aquatic communities in the shallow waters
of the Indian and Banana Rivers and Banana Creek are composed of submerged
beds of manatee grass, shoal grass, sea grass, and turtle grass.
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Fauna in these communities include: crustaceans,mollusks, manatees, and
varioustransientfish, birds, and snakes.
See tables 3-8 and 3-9 for listings of representativefloral and faunal
speciesfound on Merritt Island.
3.4.3 CRITICAL ECOLOGICALAREAS. Certain communitieson Merritt Island are
considered to be more fragile or of more ecological importancethan others.
Pursuant to the CoastalZone ManagementAct of 1972 (PublicLaw 92-583), the
FloridaBureau of CoastalZone Planningidentifiedcertainareas on the island
as of critical importancewhich should be preservedor conserved. These areas
include class II waters, marine grass beds, aquatic preserves, coastal
mangrove communities, and dune communities.
Extreme care should be taken to protect these and other areas from undue
disturbance or perturbation for several reasons. The marsh communities are
important feeding areas for waterfowl and wading birds. The Spartina marsh is
the only habitat of the endangered dusky seaside sparrow. Dune communities
are very fragile and their destruction would eliminate a protection for inland
areas from the Atlantic Ocean. The mangrove communities also are very fragile
and could be easily altered by dredging, flooding, impounding, and clearing.
They are important detritus sources within a complex marine food chain and are
protected by Florida Statute 861.02. The marine grasses provide food and
habitat for many marine animals, including the endangered Florida Manatee.
Hammockscan act as fire breaks and are a refuge for wildlife during extended
droughts. An opening in their canopy may ultimately destroy the hammock as
will changes in the water level or drainage flow in or near them. Hammocks
and flatwoods appear to recover very slowly from even slight perturbation.
Palm savannas cannot be developed without extensive filling which would
prohibit the reestablishment of the original community.
Merritt Island is in general a fragile ecosystem and effects of land use on
the biota must be closely monitored.
3.4.4 ENDANGEREDANDTHREATENEDSPECIES. The U.S. Department of the Interior
maintains and issues the official list of endangered or threatened species of
fauna and flora on a worldwide basis. The listings of flora and fauna are
subject to continual revision as the status of certain species is changed and
new species are proposed. As an example, the classification of the local
alli_ator (Alligator mississippiensis) was changed from endangered to
threatenedin 1978. In addition,the Florida Committeeon Rare and Endangered
Plants and Animals has identifiedspecies as endangered,threatened,rare, or
of special concern. Tables 3-I0 and 3-11 identify fauna and flora,
respectively,which are found in the KSC environs. Further informationon
fauna is containedin appendixC.
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Table 3-8. SelectedPlant SpeciesFound on Merritt Island
VeBetationTypes
CoastalDune & Strand
Scrub
Flatwood
Hammock
ScientificName Common Name Marsh
mgrove
Trees and TreelikePlants Submerged
larine
Sabal palmetto Cabbagepalm x x
Coccolobauvifera Sea grape x >
Quercuschapmanii Scrub oak > )
Quercuspumila Runner oak _ >
Quercus virginiana Live oak _ >
Serenoa repens Saw palmetto >
[]uniperousilicola Southernred cedar >
Pinus clausa Sand pine >
_ti i S1ash pine >
_uercus minima Dwarf live oak >
Diospyrosvirginiana Persimmon > x
Morus rubra Red mulberry > x
Magnolia virginiana Sweet bay _ x
Acer rubrum Red maple _ x
ll_-i_ styraciflua Sweet gum x x
Ulmus americana American elm x x
caroliniana Swamp wiIlow x
Shrubs and Vines
Conocarpuserecta Buttonwood x
Borrichiafrutescens Sea oxeye x _ x
Asimina obovata Gopher apple x
Opuntiaspecies (spp.) Pricklypear cactus x _
Yucca spp. Spanishbayonet x x
Iles spp. Holly x x _ x x
B-a-tTsmaritima Batis x x
_itis rotundifolia Muscadine x x
Baccharishalimifolia Groundsel x x x
Lyonia lucida Fetterbush x x
Smilax spp. Greenbrier x
Vaccinium stanineum Squaw huckleberry x
Myrica cerifera Wax myrtle x x
Er_,thrinaherbacea Coral beans x x x
Vaccinium myrsinites Blueberry x
IIex __Iabra GalIberry x
Ximeniaamericana Tallowweed x x
Persea borbonia Red bay x x
_a tenax Tough buckthorn x x x
Nectrandracorlacea Lancewood x
Persea palustris Swamp bay x
_nia germinans Black mangrove
Lagunculariaracemosa White mangrove
Forbs
Puspalumspp. Puspalum x
Salsolakali Saltwort x
Croton spp. Croton x <
Iva spp. Marsh elder x <
_moea pes-caprae Railroad vine x
Heterothecasubaxillaris Camphorweed x _ K
Hydrocotylespp. Pennywort x < K
Acrostichumspp. Leatherfern <
Lantana spp. Lantana < K
Befaria racemosa Tar flower < K
Droseranspp. Sundew K
Nephrolepsisspp. Boston fern x
Lachnanthescaroliniana Redroot x x
Aster spp. Aster _ x x
Utricularia spp. Bladderwort x x
Mikania spp. Hempweed x x
Ipomoea spp. Morning-glory x x
-Polygonum persiearia Heartweed __ x
Ta_g_latI ati fol i a Commoncattail x
arian lancifolia Arrowhead x
Liatris spp. Blazing star x
N_,mphaeaele_ans Blue water lily x
, _ Iuteum Spatterdock x
SaIvini__ndifolia Water fern x
Lemna minor Duckweed x
!
Grassesand GrasslikePlants
Uniola paniculata Sea oats x
_m amarum Beach grass x < x
Aristida spp. Wire grass < _ x
Andropo_on spp. Beard grass < ×
Andropo_onvir_inicus Broomsedge < ×
Spartina bakeri Bunch grass < ×
Distichlisspicata Salt grass x
Cladium _amaicensis Saw grass x
Juncus roemerianus Black needle rush x
yr_y-r-l-n'godiumfil formis Sea grass
Halophiliaspp. Sea grass
Spp. Shoal grass
sia testudinum Turtle grass

Table 3-9. Selected Animal Species Found on Merritt Island
Location
Coastal Dune & Strand
Scrub
F1atwood
Hammock
Scientific Name CommonName Marsh
rove
Crustaceans
Ocypode albicans Ghost crab x
Ichthyofauna
Lepisosteus platyrhincus Gar x
Fundulus spp. Killifish x
Gambusia affinis Mosquitofish x
Fundulus chr_sotus Top minnow x
Poeci|ia latipinna Sailfin molly
Amphibians
Das_pus novemcinctus Armadillo x x x
H__v|acinerea Green treefrog x x
Bufo quercus Oak toad x x
_terrestris Southern toad x x
Rana pipiens Leopard frog x
Reptiles
Gopherus polyphemus Gopher tortoise x
Caretta caretta Loggerhead turtle x
Terrapene carolina Box turtle x x x x
Crotalus adamanteus Eastern diamondback rattlesnake x x x x
Elaphe obsoleta Rat snake x x x x
Eumeces inexpectatus Florida skink x x x
Coluber constrictor Black racer x x
Elaphe guttata Corn snake x x
Natrix fasciata Banded water snake x
Farancia abocura Mud snake x
Kinosternon subrubrum Mud turtle x
Alligator mississippiensis Alligator x
Chelonia mydas Green turtle
Agkistrodon piscivorus Water moccasin
Ayes
Laurus atricilla Laughing gull x
Ap_ocoma coerulescens Scrub jay x x
Mimus polygToTtos Mockingbird x x
Pipi]o erythrophthalmus Rufous-sided towhee x x
jamaicensis Red-tailed hawk x x x
eetus leucocephalus Bald eagle x x
Ammospiza maritima Dusky seaside sparrow x x
Pandion haliaetus Osprey x x
Leucophoyx thula Snowy egret x x
Ardea-spp. Heron x xi -
n]B_n-a-s-fulvigula Mottled duck x x
_cimus albus White ibis x x
Gallinula chloropus Gallinule ×
Megaceryle alc_on Kingfisher ×
Mycteria americana Woodstork x
Mammals
Perom_scus polionotus Oldfield mouse x
Spilogale putoris Eastern spotted skunk x x x
Sigmodon hispidus Cotton rat x x x x
i Proc_on 1otor Raccoon x x x x
_ Perom_scus f|'oridanus Florida mouse x
_ S_Ivilagus floridanus Eastern cottontail x x
' Didelphis virginiana Opossum x x
Perom_scus gossypinus Cotton mouse x x x
Ochrotomys nuttalli Golden mouse x x
Sciurus caro]inensis Squirrel x
Sylvilagus palustris Marsh rabbit x
Oryzomys palustris Rice rat x
Lutra canadensis River otter x
Neofiber a11eni Roundtailed muskrat x
Trichechus manatus Manatee

Table 3-10. Endangeredand ThreatenedFauna
Status Status-
Common Name TaxonomicClassification U.S. DOI List FloridaList
EasternBrown Pelican Pelecanusoccidentaliscarolinensis Endangered Threatened
SouthernBald Eagle Haliaeetusleucocephalusleucocephalus Endangered Threatened
Arctic PeregrineFalcon Falco peregrinustundrius Endangered Endangered
Dusky SeasideSparrow Ammospizamaritimani_rescens Endangered Endangered
Wood Stork Mycteria americana - Endangered
FloridaScrub Jay Aphelocomacoerulescenscoerulescens - Threatened
Least Tern Sterna albifrons - Threatened
RoseateTern Sterna dou_allii - Threatened
American Oystercatcher Haematopuspalliatus - Threatened
, SoutheasternAmericanKestrel Falconsparveriuspaulus - Threatened
Osprey Pandion haliaetuscarolinensis - Threatened
MagnificentFrigatebird Fre_atama_nificensrothschildi - Threatened
FloridaManatee Trichechusmanatus Endangered Endangered
FloridaMouse Peromyscusfloridanus - Threatened
Atlantic RidleyTurtle Lepidochelyskempii Endangered Endangered
Atlantic Green Turtle Cheloniamydas mydas Endangered Endangered
Atlantic LoggerheadTurtle Caretta carettacaretta Threatened Endangered
Gopher Tortoise Gopheruspolyphemus - Threatened
AmericanAlligator Alligatormississippiensis Threatened Threatened
AtlanticSalt Marsh Snake Nerodiafasciatataeniata Threatened Endangered
Eastern IndigoSnake Dr_marchoncorais couperi Threatened Threatened
Table 3-11. Endangered and Threatened Flora
CommonName Taxonomic Classification Status - Florida List
Sea Lavender Tournefortia 9naphalode Endangered
Coontie Zamia integrifolia Threatened
Hand Fern Ophioglossum palmatum Endangered
Pond Apple Annona 91abra Endangered
Satin Leaf Chrysophyllum oliviforme Endangered
Curtis Milkweed Asclepias curtissii Threatened
Golden Leather Fern Acrostichum aureum Rare
I Water Sundew Drosera intermedia Rare
o
Florida Peperomia Peperomia obtusifolia Rare
Red Mangrove Rhizophora mangle Special
concern
Black Mangrove Avicennia 9erminans Special
concern
The KSC area encompassesthe naturalhabitatsof II speciesof fauna which are
consideredendangeredor threatenedby the U.S. Departmentof the Interior-
U.S. Fish and Wildlife Service. Two of the II species are found in areas
designatedcriticalhabitats,as follows:
a. Florida Manatee. The Florida Manatee critical habitat includes the
entire inland section of water known as the Indian River, from its
northernmostpoint immediatelysouth of the intersectionof U.S. High-
way l and FloridaState Road 3, the entire inland section of water
known as the Banana River, and all waterways betweenthe Indian and
Banana Rivers (exclusiveof those existingmanmade structuresor set-
tlements which are not necessaryto the normal needs or survival of
the species).
b. Dusky SeasideSparrow. The Dusky SeasideSparrowcritical habitatin-
cludes the marshes and associatedairspacewithin the mosquito control
impoundmentsdesignated by the Brevard County Mosquito Control Dis-
trict as T-lO-J and T-IO-K,northwestof FloridaState Road 406 on the
Merritt IslandNationalWildlifeRefuge.
In recognitionof the extent and diversity of endangeredand threatenedspe-
cies at KSC, and the importanceof understandingthe effect of NASA operations
on their continuedexistence,extensivework has been carriedout by the Uni-
versity of Central Florida under contract to KSC and by the U.S. Fish and
Wildlife Serviceat the Merritt Island NationalWildlife Refuge. Appendix C
contains narrativedescriptionsand maps to providefurther informationon the
fauna identifiedon the Federallist. Surveys,now under way by the U.S. Fish
and Wildlife Service and scheduled for completion by October 1979, will
identify and locate endangeredand threatenedflora within the boundariesof
the Merritt IslandNationalWildlifeRefuge.
3.5 SOCIALAND ECONOMICRESOURCES
This paragraph describes the existing socioeconomicenvironment of Brevard
County, Florida, with emphasis on the area immediatelysurroundingKSC (see
figure 3-18). This area has been significantlyimpacted over the years by
space programoperationsat KSC and earliermilitary launch activitieson Cape
Canaveral. Operationsat KSC will continueto have measurablesocial and eco-
nomic effects on BrevardCounty and to a lesser degree on outlying counties.
The followingsubparagraphsprovidebaselinedata, trend analyses,and gener-
al informationon population demography,econon_, housing, public services,
recreation,historyand archaeology,and aesthetics.
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Figure3-18. Area SurroundingKennedySpace Center
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3.5.1 POPULATION.
3.5.1.I Geographyand PopulationDensity. The KennedySpace Center is locat-
ed in Brevard County, Florida. This county, with a width of about 29 kilom-
eters (18 miles) east and west and a length of I09 kilometers(68 miles) north
and south, is situated near the middle of the state along the AtlanticOcean.
The western boundary of the county is formed by the St. Johns River and
Osceola County. It is bordered on the north and northeast by Orange,
Seminole,and VolusiaCounties,and on the south by IndianRiver County. The
county comprises339,549hectares (839,040acres) and ranks eighth in physical
size among the state's67 counties. It ranks ninth in population. The county
seat, Titusville,is 64 kilometers(40 miles) east of Orlando. BrevardCounty
had the followingcomparativepopulationdensity in 1976:
PersonsPer PersonsPer
Area ScI.Kilometer Sq. Mile
U.S. 24 62
Florida 61 158
BrevardCounty 92 239
Dade County (Miami) 274 710
New York City lO,O00 26,000
A survey conducted in August of 1976 showed the county of residence for the
KSC work force. At that time, over 90 percent of the work force residedin
BrevardCounty,while 6 percentand 2.5 percent resided in Orange and Volusia
Counties, respectively. The remaining1.5 percent resided in five outlying
countiessome distancefrom KSC.
3.5.1.2 PopulationComposition. Between 1950 and 1960 the county population
was made up of largelyrural and military families. By 1960, the county was
changing to a more urban civilian population. The median age of 26.5 years
and the 3.4 population per household reflectedthe young characteristicsof
the population;i.e., younger families with more children. During the 1960's
the county became increasinglymore urban and additionalyoung and middle-aged
families entered into Brevard. In 1970, the median age had risen slightlyto
27.5 years. A drop in the population per household to 3.31 reflected the
nationaltrend towardssHiallerfamilies.
Since 1971, however,there has occurreda distinctchange in the composition
of the population. The county populationhas been aging,due to an increasing
number of retireesand the decreasingnumber of young families. As a result,
the population per householdhas decreasedto about 3.0. The median age is
estimatedto have increasedto 34.5years. Table 3-12 and figure 3-19 reflect
the populationtrends and age distributionof the county.
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Table 3-12. Age Distribution(Percentage)of BrevardCounty
Age Group 1930 1940 1950 1960 1970 1975 1976
0 through 5 If.3 9.3 12.2 15.7 I0.9 6.6 6.6
6 through17 22.4 20.I 23.4 21.8 27.8 22.4 18.1
18 through 59 56.1 57.2 48.2 53.1 53.0 60.5 64.3
60 and over I0.2 13.4 16.2 9.4 8.3 I0.5 ll.O
Data Source: BrevardCounty,Florida- Divisionof Health and Social Services
3.5.2 ECONOMY. The barometersused in assessingthe economic base and expec-
tationsof the impact area (BrevardCounty)include: employment(labormarket
sources,employmentlevels,and occupationalcharacteristics),income levels,
construction activity (including building permits), retail sales, and the
naturalresourcesof the area.
3.5.2.1 Past Impact and Trends. Beginningin the early 1950'sBrevardCounty
began a transformationand restructuringof both the populationand economic
base of the county. What had previouslybeen a mostly rural agriculturalarea
was transformedwithin the space of lO years into a growing urban/industrial
oriented county. Between 1950 and 1960, the county populationincreased371
percent from 23,653 persons in 1950 to III,435 in 1960, making Brevard the
fastest growingcounty in the nation.
The impetusfor this rapid growthwas the developmentof the Air Force Eastern
Test Range (AFETR)and the establishmentof NASA. As the space programgained
momentum,so did the economyof the county. The new space effortmeant large-
scale constructionof space-relatedfacilities and an accompanyinghousing
constructionboom to providefor the thousandsof new residentsentering each
year. The total BrevardCounty civilian labor force, which had stood at
41,900 personsin 1960, rose to a peak of I00,800personsby 1968.
During this period of development, schools, utilities, roads, and public
servicesalso expandedat a rapid pace in order to house and provideservices
for the incomingresidents. Employmentin the retailand wholesalesectorsof
the economy increasedalmost 2-I/2 times over that of 1960. All sectors of
the economy were affected. The boom years, however, soon came to an abrupt
end. In 1968, employmentcutbacks began. Between 1968 and 1970 over lO,O00
jobs were lost. With such huge employment losses, economic growth abruptly
stoppedand then plungeddownward.
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Figure 3-19. PopulationTrends:BrevardCounty
During 1970 and 1971, the county was still experiencingthe effects of the
NASA/Departmentof Defense employmentcutbacks. Many aerospaceworkers, un-
able to find alternateforms of employment,were forced to leave the county.
Businesses also found conditions unprofitableand many were forced to close
down. Even harder hit were the housingmarket and the constructionindustry.
Previously a seller's market, housing quickly turned into a buyer's market.
Federal HousingAdministration(FHA)-repossessedhouses increasedfrom around
300 in 1968 to a peak of almost lO00 by March 1971.
If not for retirees, brought to Brevard County by comparativelylow-priced
housing and the economic stability of South Brevard, the economy might have
declinedeven more substantially. During 1972 and 1973 BrevardCounty emerged
from a 3-year economicslump and the population rose by over lO,OOL)persons.
Surplus housing, increasedmultifamilyconstruction,and a sharp increase in
the number of touristsdue to the openingof Disney World set into motion ec-
onomic recovery which was soon blunted by economic forces on the local, na-
tional,and internationalscene. NASA employmentcutbacks caused by comple-
tion of the Skylab project sent BrevardCounty unemploymentfrom a 1973 level
of 7.0 percentto I0.2 percentin 1974. The Arab oil boycottand the national
recession combined to drive the unemploymentrate to 13.4 percent in 1975.
Population growth, because of the economic uncertainties of this period,
slowed considerably.
The year 1976 saw the beginningof improvedeconomicconditions. There was a
drop in unemploymentto II.2 percent by year's end. A continued increasein
manufactureof ordnance and electricalmachineryand increase in retail trade
accounted for most of the gain. In 1976 there were over 1,300 new
single-familyunits constructedin the county,300 new multifamilyunits, and
126 new commercialbuildings(reference3-12).
3.5.2.2 Current Status. The economy showed continued growth in most areas
during 1977. Unemploymentrates declined,reflectingthe state and national
trend. The civilian labor force rose to 93,206, an increase of 2,845 over
1976 and the unemploymentrate droppedto 9.3 percent. This trend continued
in the first quarter of 1978 when the rate dropped to a level of 7.9 percent.
Manufacturing and constructionjobs accounted for most of the increase in
employmentand were concentratedprimarilyin the private sector. Trade jobs
continue to advance and are showing signs of strong growth. The rate of
growth in servicejobs is higher than in ]976. Constructionemployment is on
the rise and reflectsthe improvementin the economy of the area. The county
activitiesin 1977 reachedtheir highestlevel since the energy crises of 1973
and 1974. The expansion is in the private sector and occurs when public
constructionis at the lowest level since the boom of the 1960's. Over $158
million worth of building permits were purchased in 1977. This was
approximately$64 million over the 1976 annual figure. (Publicconstruction
projectsare not requiredto purchasebuildingpermits.)
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Gross retail sales are an importantindicatorof the economic activityof an
area. The trend of gross retailsales has been steadilyrising since the late
1960's. Gross retail sales rose from $39 million in December 1970 to $I16
million in December 1977.
Tourism is a growing industryin Brevard,though not yet competitivewith the
State'sprimarytouristattractioncenters. The county'sforemosttourist at-
traction is the tour of the NASA and Air Force facilities. NASA tours attrac-
ted 1,117,603visitorsduring 1977.
A number of industrialfirms have recently located or expanded their opera-
tions in Brevard. Total firms have grown from 175 in 1967 to nearly 300
today. The 12,100manufacturingjobs serving nationaland internationalmar-
kets today are expectedto double by 1985.
Port Canaveral has undergone a multimillion dollar expansion including
dredgingthe turning basin and constructionof new wharves. The Port has good
potentialfor tour ships, for offshore oil storage, and for expansionof im-
ports and exports. A new base to handleTridentnuclearmissile submarinesis
nearing completion and the Coast Guard has completed a new permanent
facility. The Solar Energy Center near the Port is also expandingits opera-
tions.
Some indicationsof the yearly resourcescapability of the area can be dis-
cerned from the following:
Agriculture Hectares (Acres) Value (Dollars1
Pasturelands 88,414 (218,470) 3,800,000
Citrus 7,487 (18,500) 18,500,000
Nurseries 405 ( l,O00) 2,200,000
Marine Kilograms (Pounds) Value (Dollars)
Fish 1,033,765 (2,279,038) 426,288
Shellfish 1,287,200 (2,837,759) 885,385
Timber Cubic Meters (Board Feet) Value (Dollars)
Softwood 323,000 (136,900,000) Not Available
Hardwood 165,200 (70,000,000) Not Available
Data Source: Florida Department of Commerce, Division of Economic Development
Table 3-13 shows per capita income adjusted for inflation, where the 1967
dollar is considered the standard dollar.
Tables 3-14, 3-15, and 3-16 display data on employment and income. Table 3-17
presents some economic indicators.
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Table 3-13. Per Capita Income in BrevardCounty, Florida,and the U.S.
Adjustedfor Inflation
Year Brevard Florida U.S.
1965 3,356 2,545 2,947
1966 3,836 2,660 3,087
1967 3,889 2,817 3,188
1968 4,053 2,994 3,318
1969 3,580 3,155 3,400
1970 3,056 3,215 3,410
1971 3,274 3,326 3,458
1972 3,321 3,551 3,630
1973 3,352 3,666 3,787
1974 3,254 3,664 3,679
1975 3,218 3,499 3,662
1976 --- 3,582 3,778
Source: BrevardCounty,Florida- Divisionof Health and Social
Services
Table 3-14. Labor Force Estimates: Melbourne-Titusville-Cocoa
(BrevardCounty)
Quarter Ending
Annual
Year/Category Mar. June Sept. Dec. Average
1974
Employment 80,092 81,038 80,839 76,838 80,355
Unemployment 9,518 9,350 lO,140 10,294 9,160
UnemploymentRate % 10.6 I0.3 ll.l If.8 10.2
1975
Employment 77,489 81,623 79,35] 77,678 79,091
Unemployment I0,490 13,583 13,258 I0,755 12,200
UnemploymentRate % If.9 14.3 14.3 12.2 13.4
1976
Employment 77,196 80,834 82,307 79,529 80,220
Unemployment I0,712 10,966 9,982 8,832 lO,14l
UnemploymentRate % 12.2 11.9 I0.8 lO.O If.2
1977
Employment 79,338 82,825 88,741 88,438 84,569
Unemployment 8,569 9,877 8,221 8,168 8,637
Unemployment Rate % 9.7 10.7 8.5 8.5 9.3
Source: State of Florida,Departmentof Commerce,Division of
EmploymentSecurity,Researchand Statistics. ReleasedMay 1978.
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Table 3-15. BrevardCounty/KSC/AFETRLabor Force Relationships
KSC and AFETR Labor
Brevard KSC AFETR Force as a % of
Calendar County Labor Labor BrevardCounty
Year Labor Force Force Force Labor Force
1960 41,900 --- 21,I08 50.4
1961 45,300 --- 24,319 53.7
1962 50,200 --- 25,826 51.5
1963 62,600 --- 27,376 43.7
1964 76,200 6,280 27,447 44.3
1965 83,700 9,781 27,150 44.1
1966 93,400 17,574 27,240 48.0
1967 98,800 21,482 24,869 46.9
1968 I00,800 21,283 22,145 43.1
1969 98,700 22,100 19,968 42.6
1970 86,600 15,378 16,084 36.3
1971 82,500 12,859 14,927 33.7
1972 85,000 13,146 13,446 31.3
1973 89,300 ll,211 13,365 27.5
1974 89,515 9,246 13,906 25.8
1975 91,291 I0,368 13,356 26.0
1976 90,361 8,441 13,388 24.2
1977 93,206 9,430 12,748 23.8
Data Source: BrevardCounty,Florida- Divisionof Health and Social
Services
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Table 3-16. Unemployment Rates
Year U.S. F1ori da Brevard
1960 5.5 5.0 3.6
1965 4.5 3.1 2.0
1966 3.8 2.7 1.9
1967 3.8 2.8 2.1
1968 3.6 2.8 2.4
1969 3.5 2.5 3.1
1970 4.9 4.3 8.2
1971 5.9 4.9 8.8
1972 5.6 5.1 7.3
1973 4.9 4.3 7.0
1974 5.6 6.2 10.2
1975 8.5 10.7 13.4
1976 7.7 9.0 II.2
1977 7.0 8.2 9.3
Source: Florida Department of Commerce, Division of Labor
Table 3-17. Economic Indicators
Feb Feb Percent
District 1978 1977 Change
and use tax for
months collection-
Brevard County,/ $32,481.5 $27,295.7 +19.0
and use tax for
months collection-
FloridL I/ $1,543,394.6 $1,345,459.5 +14.7
Valuation of building permits
issued for 12 months-
Melbourne, Titusville, Cocoa_I/ $186,014.0 $I05,40_.0 +76.5
Consumer price index,_2/ 188.4 177.1 +6.4
thousands of dollars
1967 = I00
Source: Florida Department of Commerce, Division of Labor
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3.5.3 HOUSING. BrevardCounty housingfacilitiesrange from mobile homes to
residencesvalued at more than $I00,000. In the county there are some 89,000
dwelling units, includingabout 64,000 single-unithomes, 17,000 apartments,
and 8,000 mobile homes. Prices, which have risen in recent months, remain
quite reasonablecompared with other areas of Florida and many parts of the
nation (reference3-12).
Buildingconstructionactivitiesduring the fourth quarterof 1977 amountedto
$45,226,488,an increaseof 78.6 percent over fourth quarter 1976. Building
permits for 1977 totalled 4,735 compared with 2,148 in 1976 and 1,287 in
1975. Figure 3-20 exhibits the boom-bust behavior of the Brevard housing
industry.
Another importanthousingmarket indicatoris residentialelectricmeter hook-
ups. The number of new householdconnectionsfor the fourth quarter 1977
shows a 5.0-percentincreaseover the same period in 1976. The followingpro-
vides a trend analysisof electricmeter hookupsin BrevardCounty:
1970: 68,414
1971: 72,089
1972: 77,050
1973: 79,996
1974: 81,597
1975: 83,000
1976: 86,012
1977: 90,385
The reduced level of FHA repossessionsand increasedresale activityalso in-
dicatesthe population'sabilityto meet mortgagepaymentsand shows the state
of tilehouse-buyingmarket.
3.5.4 PUBLIC SERVICES. An essential ingredient in an area's social and
economic stability is its ability to provide its inhabitantsthe necessary
services such as a governing body, police and fire protection, utilities,
transportation,schoolsand colleges,hospitalsand physiciancare, churches,
libraries,and news coverage. Space activitiesduringthe late 1950'screated
for Brevard'svariouscities and townshipsa critical problemwith respectto
public services. Local governmentwas not preparedto providethe services
being called for by such a rapidlyincreasingpopulation. However,expansion
during the 1960's and changesin the 1970'shave resultedin adequateservices
for the demands of the populace. Today Brevard County, except for public
transportation,has excellentpublic facilities,systems,and services.
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3.5.4.1 Government. Brevard County has 15 incorporatedmunicipalities,each
having its own distinct characteristicsand governmentalstructures. The
county has a commission-typegovernmentwith five members elected at large.
The chairman is electedby the members of the commission. The commissioners
are elected for 4-year terms. The followingare real and personal property
tax millagerates for the year 1977:
City Counti Total
Cocoa 7.583 19.025 26.608
Melbourne 9.058 17.434 26.492
Titusville 6.402 19.710 26.112
3.5.4.2 Law Enforcement. Police protection is provided by the Sheriff's
Departmentand the police forces of the variousmunicipalities. The Sheriff's
Department maintains three stations in the county includingthe county jail
located in the courthousecomplex in Titusville. The cities maintain their
own stations.
3.5.4.3 Fire Protection. Fire protectionis providedby the fire departments
of the municipalitiesand severalfire districts. A listingof the major fire
departmentsfollows.
Agency and Ratin9 Stations Equipment
Cocoa NB-6 2 3 2839-1iter(750-gallon)pumpers
l 3785-1iter(lO00-gallon)pumper
l 23-meter (75-foot)aerial rescuetruck
MelbourneNB-7 (south) 6 lO pumpers
NB-5 (north) l 27-meter (90-foot)aerial platform
l 6.4-meter (21-foot)fireboat (rescue)
3 6 X 6 tankers
l O.906-metricton (l-ton)pickup (skid
mount)
l 27-meter (90-foot)pumper and ladder
2 rescue units
TitusvilleNB-7 3 3 2839-1iter(750-gallon)pumpers
l 3785-1iter(l,O00-gallon)pumper
l fire rescue van
2 brush trucks
2 boostertrucks
3 automobiles
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3.5.4.4 Utilities. Water and sewage serviceis providedto city and county
users by a number of systems. The major systemsare listedbelow.
Water Capacity Utilization
City Kiloliters/Day Gallons/Day (Percent)
Cocoa 121,120 32,000,000 50
Melbourne 79,485 21,000,000 48
Titusville 60,560 16,000,DO0 23
SewageCapacity Utilization
City Kiloliters/Day Gallons/Day (Percent)
Cocoa 7,570 2,000,000 87.5
Melbourne 25,511 6,740,000 77.2
Titusville 13,428 3,500,000 71.4
Electricityis distributedby the FloridaPower and Light Companywith service
areas in Cocoa, Melbourne,and Titusville.
3.5.4.5 Transportation. Rail service is provided in BrevardCounty by the
Florida East Coast Railway, which has scheduled daily freights. The main
Jacksonville/Miamiline has two spurs; one servicingthe Cape Canaveralarea
to the east, the other servicingOrlandoto the west.
Port Canaveral is one of the most accessibleseaports in Florida. Entrance
from the sea is by a straight channel 152 meters (500 feet) wide, 14 meters
(45 feet) deep, and 1.6 kilometers (l mile) long and is protectedby jetties.
Entrance from the IntracoastalWaterway (IndianRiver) on the west is by a
canal 38 meters (125 feet) wide and 3.7 meters (12 feet) deep that runs due
east through Merritt Island for about 8 kilometers (5 miles) to the turning
basin.
The major north-south arteries are U.S. Highway l, Interstate Highway 95,
State Road AIA, and State Road 3. The east-westroutes are providedby State
Roads 50, 46, 404, 520, 528, and U.S. 192.
Thirteentrucking firms are presentlyserving the county. Additionally,the
UnitedParcel Serviceprovidesdaily pickup and deliveryservicewith a termi-
nal in Rockledge.
There is currently no public bus system linking the various parts of the
county. However,the GreyhoundBus Lines have depots in Cocoa, Melbourne,and
Titusville. Additionally,the ConsolidatedAgencies TransportationSystem is
a government-sponsoredbusing system dedicated to transporting elderly and
low-income persons. Taxi companies also operate in the municipalities.
Brevard County is currentlyconsideringa "Dial A Ride" system aimed at pro-
vidinga fom of municipaltransportationfor Brevardresidents.
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The followingillustratesairportservicefor the area:
Paved Lighted Longest Air
Airport Type Runways Runways Runways_/ Freight Serviced/
Arthur Dunn General 1 1 884 No G/U/M/T/R
Melbourne General 3 2 2,890 Yes G/JP/U/M/T/R
Regional_/
Merritt Island General 1 1 1,097 No G/U/M/T/R
Ti-Co General 3 2 1,829 No G/JP/U/M/T/R
Valkaria General 0 0 914 No T
_/ Lengths are in meters.
_/ G=gasoline, JP=jet fuel, U=UNICOM,M=maintenance and repair, T:tiedown,
R=rental car
3--/Formerly known as John F. Kennedy Memorial Airport
Orlando International Airport is located approximately 80 kilometers (50
miles) west of KSC.
3.5.4.6 Public Schools and Colleges. More than 2,432 teachers staff the 65
schools in the county, including 36 elementary, 13 junior high and middle, and
I0 senior high schools. Although public school enrollment dropped by 1147
students between 1976 and 1977, the annual change of -2.4 percent represents a
rate of decline half that of the previous annual percent change of -5.1 per-
cent. This can be attributed to increased employment and economic stability.
Put in a historical perspective, the county school enrollment figures reveal a
15.5-percent decline from October 1968 peak enrollment of 60,408 students.
School enrollment in Brevard at the end of 1977 was 51,016.
There are four colleges serving the advanced educational needs of the communi-
ty. Brevard Community College, with campuses in Titusville, Cocoa, and Mel-
bourne, has an enrollment, including part-time and noncredit attendees, of
7,297. It offers a 2-year associate degree plus vocational training. The
Florida Institute of Technology is a 4-year institution located in Melbourne.
Current enrollment, including part-time students, is 2,508. Rollins College,
Winter Park, with facilities at Patrick Air Force Base, offers both under-
graduate and graduate courses. The University of Central Florida, located 32
kilometers (20 miles) west of Titusville, offers undergraduate and graduate
courses to an enrollment of II,I00 students.
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3.5.4.7 Hospital Facilities and Physicians. Though the county's hospital bed
rate (361 per I00,000 population) is less than the state as a whole (624) and
the U.S. rate (657), expanding facilities should improve the rate in the near
future. There are 5 hospitals and 6 nursing/convalescent homes serving the
county. There are currently 252 physicians and 99 dentists in the county.
Currently, the hospitals are operating at 80 percent of a capacity of 90
percent (I0 percent is always reserved for public emergencies).
3.5.4.8 Media. The following are the local newspapers and radio stations,and
the available television channels in the area:
Local Newspapers
Publication Name Frequency Circulation
Star Advocate Weekly 18,500
TODAY Daily 64,600
The Sentinel Star and Daily _ 9,700
Brevard Sentinel
Melbourne Times Weekly 44,000
Local Radio Stations
Community AM FM
Cocoa 4 l
Titusville l l
Melbourne 3 2
Available Television Channels
Community Antenna Only Cable
Cocoa 3 II
Titusville 3 II
Melbourne 3 II
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3.5.4.9 Churches. There are over 200 churches throughoutthe county repre-
senting all the major U.S. religious faiths including Catholic, Protestant
(all denominations),Jewish, ChristianScience, Latter Day Saints, Jehovah's
Witnesses,and SeventhDay Adventists.
3.5.4.10 Libraries. There are lO public libraries and numerous private
libraries(Universities,etc.) in BrevardCounty. See listingin the Summary
herein.
3.5.5 RECREATION. Recreationin BrevardCounty focusesprimarilyon the out-
doors. Stretching for 121 kilometers (75 miles) down Brevard's coast, the
beachesoffer a retreatfor swimmers,sun worshippers,joggers,fishermen,and
surfers. The beaches also offer a vantage point for viewingspace launches.
Boating of all kinds takes place off shore and in the inlets, Intracoastal
Waterway, lagoons, and freshwater lakes and rivers throughout the region.
County, State, and Federal parks dot the length and breadth of Brevard.
Some 27,316 hectares (67,500acres) comprisethe CanaveralNationalSeashore,
a preservedoceanscapealong north Brevardand south VolusiaCounties. On the
extreme south end of the county is Sebastian Inlet State Recreation Area.
Port Canaveral Jetty Park, a county-operated park, provides recreational
outlets to those in Central Brevard as well as those wishing to visit from
other locations.
Brevard's recreation areas also offer activities such as camping, horseback
riding, organizedcompetitivesports, and an 81-hectare (200-acre)site for
off-road vehicles.
Along Brevard'sBanana and Indian Rivers there are nature preservesand island
parks accessibleonly by boat. Inlandthere are lakesiderecreationareas and
nature sites such as Wuesthoff Nature Park and Erna Nixon Hammock. The
Merritt Island National Wildlife Refuge in north Brevard offers not only a
unique viewing experience for wildlife enthusiasts but also excellent duck
hunting and fishing. Finally, along the freshwater St. Johns River to the
west are dozens of fishing,boating,and lodgingfacilities.
Brevard has a number of nightclubsand fine restaurantswith live entertain-
ment. Additionally,concertsand stage presentationsby local theater groups
are a continual part of the Brevard scene, and seasonal sportingevents are
available. For golf enthusiaststhere are approximately20 courses spread
throughout the county, and tennis players have ample courts availablefor
their pleasure.
KSC has establisheda 96-hectare(238-acre)recreationalarea known as Complex
99, which is administeredby the Kennedy Athletic, Recreation, and Social
Organization (KARS Park). Approximately40 hectares (lO0 acres) are main-
tained with facilities for family picnics, sports, swimming, and club
activities. This area is locatedon the BananaRiver at Hall Road and is open
to all NASA and contractorpersonneland their families. Outleasingof facil-
ities is providedfor approvedactivitiesand organizationsoutsideof KSC.
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3.5.6 HISTORYAND ARCHAEOLOGY. The Brevardarea is rich in history,in terms
of both its prehistoricIndian inhabitantsand the most recent activitiesof
westernman. Archaeologicalevidence indicatesthat the area was inhabitedby
prehistoricIndians at least 3,000 years ago. The first human visitors were
probablysmall bands of nomadichuntersand gathererswho wandered in from the
St. Johns River basin. They moved about frequently, seeking food sources.
Shellfish of several types formed a primary element of their diet as is
evidencedby the many shell middenswhich still exist in the area and which
have provided scientistswith importantinformationconcerningtheir society.
While they left few artifacts,it is known that they used spears with chipped
flint tips for weapons. About 2000 BC the prehistoricIndiansdevelopedclay
pottery and this event marks the beginning of what is termed the "Orange
Period"which lastedabout l,O00years. This period was followedby the Tran-
sitional,St. Johns I, and the St. Johns II periodsand, finally,after 1565,
by the St. Augustineperiod.
Each period of Indianculturewas marked by a distinctivetype of pottery,and
shards of these various utensils are found in most of the middens. Evidence
indicatesthat these early Indiansspent their winters on the barrierbeach in
and around the Mosquito Lagoon area, but moved inland to the St. Johns River
valley during the hot summer months to escape the intolerable mosquito
conditions along the coastal lagoons. In most recent times, following the
arrival in Florida of the Spanish, this area was populated by the Timucuan
Indians, an earlier tribe known as the Surruqueshaving disappeared. (The
Spaniards referred to Mosquito Lagoon as the "Lake of Surruque.") To the
south, commencing at Cape Canaveral and the Banana River, the coast was
inhabitedby the fierce Ais Indians,and the upper part of the Indian River
was known as the "GreatBay of Ais." Most of what we know of the Ais culture
has come to us from the Johnathan Dickinson Journal of 1696. Both the
Timucuan and the Ais tribes disappearedin historicaltimes, having succumbed
to war, disease, and slavery at the hands of the Spanish and English.
Following early English raids, some of the aboriginalAis moved to Cuba with
the Spanish.
The earliest European explorers to visit the areas were the Spaniards,
though they did not attemptto establishany settlements. The first contact
with the Ais was probably made in 1513 by Ponce de Leon. During the 16th,
17th, and 18th centuries,the Cape area was on the fringes of Spanishactivity
in Florida. Records show that Menendez sailedto the Cape and capturedFrench
Huguenots who had taken refuge here after the destruction of Fort
Carolina.Followingthe Spanish period,English settlersmoved intothe area,
among the earliest being some of Turnbull's colonists who established a
settlement at Ross Ha_llockand are believed to have dug the drainage canal
which still exists just south of the point.
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After Florida was ceded to the United States in 1821, it became a Territory
and shortly commerce and settlement began along the coastal areas. Limited
agriculture and fishing industries developed and permanent homesites and set-
tlements were established. Citrus was an important early crop and the famous
Dummit Grove was started in 1840. Sea turtles were captured in the Mosquito
Lagoon and shipped to northern towns; an island in the lagoon is still known
as Turtlepen Point. Another early business was the cutting of live oak trees
for use in the construction of naval ships. This activity was centered around
Oak Hill. A man named Swift came from the north each winter with a crew of
men to cut the timbers, which were seasoned in banks of mud and sand, then
sold to the Navy.
In 1864, Brevard County, which also included the areas now known as Indian
River, Osceola, and St. Lucie Counties, was named for the state comptroller,
Theodore Washington Brevard. Previously, Brevard was part of Mosquito County,
which encompassed a much wider geographic area of Florida. In 1879, 245 set-
tlers from the Volusia County area joined Brevard and a few months later one
of the settlers, Col. Henry Titus, donated land for a courthouse in what is
now Titusville. It became the county seat in 1880. Brevard's present bound-
aries were drawn in 1905 and have remained unchanged since that time.
The extension of Henry Flagler's Florida East Coast railroad drastically re-
duced the area's dependence on waterway transport systems and opened the area
up to further agricultural and fishing industry expansion. The area continued
to be primarily rural in economic pursuits and temperament until the coming of
the Space Program in the 1950's.
The legacy left by early Indian tribes in the areas within the KSCboundaries
consists of numerous shell middens and burial mounds, the most impressive of
which is Ross Hammockon the west shore of Mosquito Lagoon, south of Oak Hill.
No comprehensive and systematic survey has ever been accomplished of the total
area. There have, however, been some isolated studies and surveys conducted
over the years. These studies are referenced in table 3-18. The earliest of
these surveys was conducted by J. Francis LeBaron, a U.S. engineer who
traveled through the region in 1877 to 1878. More recently, George A. Long,
University of Florida, performed a much more extensive research of archaeolog-
ical sites in the study area, under contract to the Kennedy Space Center. His
report (reference 3-13) locates and describes approximately 28 mound and mid-
den sites. Table 3-19 in conjunction with the map shown in figure 3-21, lo-
cates and identifies the 28 archaeological and historical sites in the KSC
vicinity. For those desiring information on archaeological sites throughout
Brevard County, it is suggested that contact be made with Florida State
Division of Archives History and Records Management, Tallahassee, Florida.
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Few places have experienced such sudden and far-reaching impact as did
Brevard County when the Federal Government decided to establish the Eastern
Test Range in this locale. In May of 1973, Complex 39 was listed in the
National Register of Historic Places. It is also considered noteworthy that
KSC was designated as the Nation's site for the 1976 Bicentennial Exposition
on Science and Technology. Current NASA launch operations and other KSC
activities will continue to keep the area in the forefront of world news
coverage.
Table 3-18. Archaeological Studies of the KSCArea
Year of
Publication Author Title or Subject
1882 Douglas, A.E. A Find of Ceremonial Weapons in a Florida
Mound
1884 LeBaron, F.J. Prehistoric Remains in Florida
1885 Douglas, A.E. Some Characteristics of the Indian Earth and
Shell Mounds on the Atlantic Coast of Florida
1890 Douglas, A.E. Mounds in Florida
1922 Moore, C.B. Mound Investigations on the East Coast of
F1ori da
1935 Stirling, M.W. Smithsonian Archeological Projects Conducted
Under the Federal Emergency Relief Administra-
tion
1951 Rouse, Irving A Study of Indian River Archeology, Florida
1967 Long, G.A. Antiquities Resources, JFK Space Center, NASA
1973 Smith, Richard L. Survey Report for Space Shuttle Runway on
Merritt Island, Florida
1976 Ehrenhard, J.E. Canaveral National Seashore: Assessment of
Archeological and Historical Resources
1977 Marrinan, R.A. Survey of Proposed Off-Loading Facility for
Solid Rocket Booster at CCAFS
1977 Martinez, C.A. Cultural Resource Assessment-(Merritt Island/
Cape Canaveral Area - ed.)
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Table 3-19. Archaeologicaland HistoricalSites
Location on Survey
Figure 3-21 Site No. Site
l Br 78 Dummett's Place
2 Br 77 Nauman'sPlace
3 Br 155 Granny Cove
4 Br 141 Onion Island
5 Vo 148 A burialmound near Shiloh
5a Vo 148 GriffisPlace
6 Vo 160 Sugar Mill Ruins
7 Vo 129 Bill's Hill
8 Vo 143 McCartyPlace
9 Vo 130-131 Ross Hammock
lO Br 142 Butler Cambell'sMound
II Br 143 Ragin Midden
12 Br 144 Small midden site
13 Br 145 Clark Slough
14 Br 146 Identifiedby a USCGS map as
"BulI Camp"
15 Br 147 Shell midden site
16 Br 148 Midden site
17 Br 149 Midden site
18 Br 137 Max Hoeck Midden
19 Br 151 Sandy clearingwhere numerous
potteryfragmentswere collected
20 Br 79 Midden site
21 Br 62 Moore Mound
22 Br 150 Oyster Prong Creek Mound
23 Br 131 Indianbones and potteryfound
24 Br 159 Potteryand projectilepoints
found
25 Br 153 Pair of undisturbed mounds
26 Br 160 Black Point Midden
27 Br 157 Potterycollected
28 Br 158 Pepper Hammock
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Figure 3-21. Archaeological and Historical Sites
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3.5.7 AESTHETICS. Brevard County, located midway along the east coast of
Florida, offers its residents and visitors the choice of urban, suburban,
country, and seashore or rivers edge living. The semitropicalclimate expe-
rienceswarm, sunny summersand mild to cool winter days. The soil contrib-
utes to thriving lawns and lush, tropical landscaping. Birds and animalsare
abundanteither as indigenousor migratoryspecies. The naturalbeauty of the
area, coupledwith naturaland manmade recreationalresources,contributesto
a healthfuland satisfyinglife.
Evidence of the area's aestheticvalue can be found in the 1975 Congressional
legislationestablishingthe Canaveral National Seashore Park, the purpose
being to preserve this beautifuland ecologicallysensitivearea for current
and future generations of Americans. Additionally, the Merritt Island
National Wildlife Refuge has, for years, operated successfullywithin KSC
boundaries, ensuring the preservation of species of flora and fauna and
providinginterpretivewildlife programsfor the public.
The interagencycooperation between NASA and these Department of Interior
elements has illustratedthat a large-scaletechnologicaleffort such as space
launchescan be carriedout without unacceptableimpactson the environmental
aesthetics. It is expected that current and future operationswill also be
compatiblewith the preservationof the areas'sbeauty.
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SECTIONIV
LAND-USEPLANS, POLICIES, ANDCONTROLS
4.1 INTRODUCTION
NASAexercises authority over the entire 56,500 hectares (140,000 acres) which
comprise the Kennedy Space Center (KSC). Administration of parts of this area
has been delegated to the National Park Service and to the Merritt Island
National Wildlife Refuge. By agreement, such use authorization and adminis-
tration does not extend to property related to the Space Program.
In order to manage this area efficiently and economically, NASAhas developed
and is implementing land-use plans, policies, and controls which ensure maxi-
mum utility of developed areas, preservation of undisturbed properties, and
public safety and security for NASAfacilities.
4.2 LAND-USEPLANS
a. Facility Construction. NASA's land-use planning has attempted to
minimize land-use impact by modifying existing facilities wherever
feasible and to confine new construction to locations previously used
for space programs. For expendable launch vehicle programs, modifi-
cations to facilities dedicated to NASAuse have been accomplished at
the Cape Canaveral Air Force Station (CCAFS). Because the Space
Transportation System (STS) incorporates the return and landing of the
Orbiter, it became necessa_ to convert approximately 324 hectares
(800 acres), or 0.57 percent, of the Merritt Island National Wildlife
Refuge to the Shuttle Landing Facility. This construction was per-
formed with special concern for flora and fauna inhabiting the area to
avoid undesirable impact on the ecosystem. All land uses are
consistent with prior commitments and applicable state and county
land-use plans.
b. Launch Complex 39 National Historic Site. NASA's Apollo Launch Com-
plex 39 has been listed in the National Register of Historic Places.
To accommodate Space Shuttle operations, modifications to the site are
required. Therefore, NASAhas entered into an agreement with the Ad-
visory Council on Historic Preservation and with the Florida State
Historic Preservation Officer resulting in a joint memorandumwhereby
the needed modifications will be accomplished in accordance with pro-
cedures for compliance with section 196 of the National Historic Pres-
ervation Act of 1966.
c. Research Programs. KSC land has been, and will continue to be, used
for research and advanced development programs such as: citrus grove
investigations, lightning studies, and materials exposure experiments.
NASA/University/Industry teams regularly conduct research projects at
KSC, availing themselves of facilities and land dedicated to space
program uses.
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d. Other Land Uses. NASAaction with regard to the citrus groves and the
related apiarian industry is described in 2.7 and has resulted in the
retention and enhancement of this valuable property. The develop-
ment and maintenance of the recreational facilities at Complex 99
(KARSPark) provide the advantages and benefits described in 3.5.5.
4.3 POLICIES
a. Merritt Island National Wildlife Refuge. NASA/KSChas entered into an
agreement with the U.S. Fish and Wildlife Service (FWS) to manage KSC
property not specifically used for space program activities or assign-
ed to the National Park Service (NPS) to manage as part of the
Canaveral National Seashore. This managed area is known as the
Merritt Island National Wildlife Refuge. The FWSsponsors or directs
many wildlife programs, administers the citrus grove leases and apiary
permits, and regulates hunting, fishing, and nonconsumptive public use
activities on the Merritt Island National Wildlife Refuge.
b. Canaveral National Seashore. Pursuant to Public Law 93-626, which es-
tablished the Canaveral National Seashore, NASA/KSCentered into an
agreement with the Department of the Interior that set aside 16,592
hectares (41,000 acres) as part of the Seashore. This total area was
divided into two sections: 2,693 hectares (6,655 acres) as the actual
seashore administered by NPSand 13,899 hectares (34,345 acres) admin-
istered by FWS as part of the Merritt Island National Wildlife
Refuge. The Public Law also dictated the transfer of 440 hectares
(1,088 acres) of land to NPSin fee title. The NPSis responsible for
the management of visitors to the Canaveral National Seashore and is
presently developing a master plan for their proposed management of
the seashore area.
c. Coastal Zone Management. The Kennedy Space Center is located almost
entirely on coastal barrier islands and lagoonal waters of the Florida
Atlantic Coast and so is subject to the requirements of the Coastal
Zone Management Act of 1972. As required by section 303 of the Act,
NASA/KSCwill cooperate and participate with State and local govern-
ments and regional agencies in effecting the national policy to pre-
serve, protect, and where possible, restore or enhance the resources
of the Nation's coastal zone for this and succeeding generations. It
is recognized that this Act requires NASA/KSCto remain consistent
with the Florida Coastal Management Program being developed by the
East Central Regional Planning Council and the State of Florida
Department of Environmental Regulation.
d. Floodplains and Wetlands Restrictions. In accordance with Executive
Order (E.O.) 11988 "Floodplain Management" and E.O. 11990 "Protection
of Wetlands," KSC has established policies to ensure protection of
these areas and maintains a Master Planning function to control all
siting activities. KSC is committed to avoid to the extent possible
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the long- and short-termadverseimpactsassociatedwith the occupancy
and modificationof floodplains. Similarly,KSC will avoid direct or
indirect support of new constructionin wetlands wherever there is a
practicable alternative. Approximately78 percent of the KSC land
area falls within these designations,as depicted on the lO0-year
floodplainmap (figure3-I0).
e. Mosquito Control. NASA cooperateswith the BrevardMosquito Control
District by supportingsprayingand impoundmentactivitieswithin the
KennedySpace Center.
4.4 CONTROLS
a. NASA Security and Safety Zones. In order for NASA to pursue its role
in space programsas establishedby Federal legislationand to ensure
public safety and securityfor NASA facilities,it has been necessary
for NASA to establishzones where, and times when, portionsof KSC are
closed to public access. Security and safety zones for expendable
launchvehicleslie within KSC and CCAFS boundaries. However,before,
during, and after an STS launch, safety and security measures will
require closure of the areas shown in figure 4-I. The return and
landing of an Orbiter will require similar but less stringent and
brieferstrictures. The shaded area at the upper left corner of the
map indicatesa new restrictedzone currentlybeing proposedfor Space
Shuttle launch and landing operations. This new zone includes the
waters due north of Black Point to Marker 6 on the Intracoastal
Waterway and northeastfrom Marker 6 to Mosquito Lagoon. The Intra-
coastalWaterway is not includedin this restrictedzone and no impact
on the general public is expected. Notificationwill be made to the
U.S. Coast Guard and the Florida Marine Patrol for enforcementaction
(Notice-to-Mariners).
Table 4-I displaysthe number and durationof anticipatedclosuresof
State Road 402, the access road to PlayalindaBeach. The totals shown
are predicatedon the successfulcompletionof the annual scheduleof
launches.
b. NASA Air and Sea Restrictions. Prior to space vehicle launches at
KSC, both air and sea advisorieswill be issued. Aircraftwill be re-
strictedfrom flying in the KSC area during launchesand will also be
advisednot to fly near or throughthe Space Shuttleexhaustcloud for
a period usuallyexceedingan hour after launch. Before STS launches,
boats, ships, and aircraft at sea will be advised to stay clear of
zones where sonic boom focusing is expectedto occur and where SRB and
ExternalTank reentryis predicted. In general,air and sea space re-
strictionsare usual in the affectedareas becausespace activitiesat
KSC launch sites have been commonplacefor many years. However, the
pilot advisory to avoid the Space Shuttle exhaustcloud is new. Air
and sea space restrictionsduring launchwill be similarto those now
in effect for expendablelaunchvehicles.
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Figure 4-I. Areas of Restriction Associated With KSCOperations
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Table 4-I. Anticipated Closures of State Road 4021/
for Space Transportation System Operations
Launches Days Closed Days Closed for Total Percent of
Year per Year for Launches2/ Landings3/ Days Closed Year Closed
1979 1 93 0.5 4/ 93.5 26
1980 5 72 2.5 4/ 74.5 20
1981 8 58 4 62 17
1982 17 114 8.5 122.5 34
1983 20 134 I0 144 39
1984 30 201 15 216 59
1/ State Road 402 is the access road from Titusville to Playalinda Beach.
2/ Days spent by the Space Shuttle on the pad prior to launch.
3/ One-half day per landing.
4/ The first four flights are scheduled for landing in California, so closure
may not be necessary.
4.5 SUMMARY
The continued activites of the NASASpace Program are not expected to conflict
with existing land-use plans, policies, and controls. Land to be used to sup-
port future facilities for the Space Transportation System will have been pre-
viously dedicated and utilized for space program operations, no change is
anticipated in existing land-use policies, and safety and security restric-
tions presently in force could conceivably be relaxed if STS experience indi-
cates the suitability of such action.
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SECTIONV
POSSIBLEENVIRONMENTALEFFECTSOF THE PROPOSEDACTION
5.1 INTRODUCTION
This section details the known environmental impacts resulting from ongoing
activities and the predicted environmental impacts resulting from future
scheduled Space Transportation System (STS) activities, including launch of
the Space Shuttle and landing of the Orbiter. In addition, this section de-
scribes the impacts which could result from worst-case unplanned events (human
error/equipment failure). The methods, materials, and equipment now in use or
planned for future operations to eliminate or ameliorate adverse environmental
impact are also described. To facilitate understanding, environmental impacts
are discussed in terms of their effects on the following elements:
a. Air quality d. Noise levels g. Climate
b. Water quality e. Radiation levels h. Ecology
c. Land quality f. Socioeconomic stability
Detailed information on specific facilities and their individual contributions
to environmental impact may be found in appendix D.
This section delineates only those areas of environmental impact that lie
within the confines of the Kennedy Space Center (KSC) and its immediate vicin-
• ity; global effects are addressed in references I-3 and l-ll.
Expendable launch vehicles (ELV's) have been a part of the environment at KSC
for many years. The stresses which they impose on the environment are in-
cluded here for purposes of comparison. However, because environmental conse-
quences of ELV launches are essentially eclipsed by those of the STS program,
and because present planning is to phase out these vehicles early in the Space
Shuttle program, information on ELV's is provided in this section only for
comparison purposes. For more details on the environmental effects of ELV
programs, see reference I-II.
5.2 AIR QUALITY
5.2.1 SOURCESOF IMPACTS. The possible environmental effects on air quality
imposed by KSC operations can be attributed to six general sources: (I) auto-
motive vehicle emissions, (2) waste products of fuel combustion by utilities,
(3) waste products of incineration, (4) exhaust effluents from space vehicle
launches, (5) aircraft exhaust emissions, and (6) chemical releases by venting
and evaporation. Table 5-1 shows the sources and annual quantities of the
principal constituents of emissions released by KSC operations. Table 5-2
shows the total annual amount of these emissions released by all categories of
operations. Both tables are based on the maximum flight rate of 40 STS
launches per year.
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Table 5-I. EmissionSource Inventoryl__/
(AnnualQuantities,in MetricTons, Based on 40 STS Launches/Year)
Partic-
HC CO NOx SOx ulates Other
I. InternalCom-
bustion
Engines
a. Automotive 161.44 1,7OO.O0 124.00 _2/ -_3/ _
Vehicles
b. Derricks, 1.15 3.04 2.56 _2/ - -
Forklifts,
Mowers,
etc.
c. Tugboat 0.06 0.15 0.13 _2/ - -
Operations
d. Locomotive 0.08 0.20 0.17 _2/ - -
Operations
2. Utility Fuel - - 43.00 6.00 46.00 -
Combustion
3. Incineration "
a. Incinerator 0.45 16.90 0.09 0.02 -
Wastes
b. Fire/Rescue - - 0.08 - - 0.01
Training
4. Aircraft II.60 16.40 8.80 _2/ lO.O0 -
Exhaust
5. Launch Activ- - 5.20 I00.00 _2/ 2,240.00 HCl 1,400.00
ities C12 160.00
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Table 5-I. EmissionSource Inventory]_/(cont)
(AnnualQuantities,in MetricTons, Based on 40 STS Launches/Year)
Partic-
HC CO NOx SOx ulates Other
6. Ventingand
Evaporation
a. Hydro- 1.26 0 0 0 0 0
carbon Fuel
Storage
b. Hypergol& 0 0 1.12 0 0 0.65_4/
Chemical
Storage
c. Cryogen 0 0 0 0 0 GH2 2,000.00
Handling GO2 17,560.00
GHe 22,740.00
d. Paint Shops 0 0 0 0 0 VOC _5/81.30
& Services
e. Chemical 0 0 0 0 0 VOC 130.00
Laboratories
f. Component 0 0 0 0 0 VOC 2,086.30
Cleaning
!/ These data calculatedby KSC personnel.
_2/ True quantitiesof sulfuroxides (SOx) from minor sourcescannot be pre-
dicted.
_3/ A dash (-) indicatesthat amount is unknown.
_4/ Ammonia (NH3),UnsymmetricalDimethylhydrazine(UDMH),Monomethylhydra-
zine (MMH),and Hydrazine(N2H4).
5/ VOC = VolatileOrganicCompounds,such as Freon If3, isopropylalcohol,
lacquerthinner,and mineralspirits.
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Table 5-2. Air Quality: Annual Emission Inventory
(40 Launches per Year)
Emissions Kilograms Pounds
Gaseous Helium (GHe) 22,740,000 50,132,600
Gaseous Oxygen (GO2) 17,564,000 38,721,600
Volatile Organic Compounds 2,297,000 5,064,000
Particulates 2,264,400 4,992,200
Gaseous Hydrogen (GH2) 1,995,000 4,398,200
Carbon Monoxide (CO) 1,710,900 3,771,850
Hydrogen Chloride (HCl) 1,400,000 3,086,400
Oxides of Nitrogen (NOx) 279,950 617,200
Hydrocarbons (HC) 176,050 388,120
Chlorine (C12) 160,000 352,700
Oxides of Sulfur (SOx) 45,900 101,200
Ammonia (NH3), Unsymmetrical
Dimethyl hydrazi ne (UDMH),
Monomethylhydrazine (MMH), and
Hydrazine (N2H4) 660 1,450
5.2.1.1 Automotive Vehicle Emissions. Emissions from vehicles within KSC are
produced by vehicles of employees, General Services Administration (GSA) ve-
hicles which usually do not leave the confines of KSC, visitor vehicles
(launches, Canaveral National Seashore, National Wildlife Refuge, Sunday
drive-through), service vehicles (lawn mowers, forklifts, cranes, etc.), tour
buses, tugboats, and locomotives. Also contributing, to a minor and
uncomputed degree, are contractor vehicles delivering supplies such as
construction materials, cafeteria consumables, and vending machine products.
A vehicle emission inventory summary is shown in table 5-3. This summary is
based on the successful launching and landing at KSC of 40 Space Shuttles a
year which is the maximum Space Shuttle schedule. The highest permissible
factors quoted for the period 1970-1980 in Appendix D of Environmental
Protection Agency (EPA) Publication 400/9-78-006, "Mobile Source Emission
Factors," March 1978 were used for this summary on the assumption that the
standards would be sufficiently high to encompass the normal hot/cold starts
and idling correction factors. Note that no EPA emission estimates are given
for sulfur oxides, hence no figures for this pollutant are included in table5-3.
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Table 5-3. Vehicle Emission Inventory Summary
(Worst-Case Assumptions Based on 40 Launches/Year)
EPA Emission Annual KSC Annual KSC
Estimates Vehi cl e Travel Emissi on_
(gm/km) (km X 106) (kg X I0 _)
!
Vehicle
Category HC CO NOx HC CO NOx
Light-Duty 2.1 24.2 1.9 41.679 88.05 I010.0 77.7
Vehi cl es
Light-Duty 2.1 24.2 1.9 6.198 13.10_ 150.2 II.6
Trucks
Heavy-Duty 7.5 98.8 9.5 0.789 6.09 78.9 7.5
Trucks
Heavy-Duty 7.5 139.2 9.5 2.834 21,8 394.5 26.9
Diesel s
Motor- 15.0 16.8 0.14 2.165 32.4 36.3 0.3
cycl es
Totals (year) 53.665 161.44 i,669.9 124.0
5.2.1.2 Waste Products of Fuel Combustion by Utilities. Heating plants with-
in KSC annually consume approximately 7,570 kiloliters (2 million gallons) of
low sulfur (0.5 to 1.0 percent) fuel oil or No, 2 diesel fuel (2- to 3-percent
sulfur). In addition to the heating plants, an emergency power generating
plant (K6-I091) and numerous small generators installed in lifting and moving
equipment could use up to 102 kiloliters (27,000 gallons) per year of diesel
fuel. Operation of the emergency generators is mostly confined to periodic
short test runs; operation of the other generators is intermittent. Emissions
to the atmosphere are shown in table 5-I.
5.2.1.3 Waste Products of Incineration. An incinerator at Cape Canaveral Air
Force Station (CCAFS)Fuel Storage Area No. 1 is used for destructive inciner-
ation of alcohol wastes, hypergolic fuel (MMH), and water contaminated with
MMH. This incinerator is currently disposing of 7.5 to 11.4 kiloliters (2,000
to 3,000 gallons) of such wastes per year. Hypergolic fuel-contaminated water
and isopropyl alcohol in the projected amounts of 87 to 121 kiloliters (23,000
to 32,000 gallons) per year can be economically disposed of as a diesel fuel
additive for use in firing the incinerator. A second, smaller incinerator
will be provided and used for incineration of experimental animal carcasses,
feces, cage litter, and debris generated by the Life Sciences Facility at
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Hangar L. This incinerator will be fired with No. 2 diesel fuel and will
consume a minimum of 91 kilograms (200 pounds) per day of waste containing up
to 30-percent wet material. This incinerator will be certified by the State
of Florida as acceptable for its intended use. Emissions to the atmosphere
are shown in table 5-I.
The vitally necessary training of fire and astronaut rescue personnel mandates
the ignition of about 1,900 liters (500 gallons) each of fuel and oxidizer in
the open-air Fire and Rescue Training area. This exercise is conducted four
times a year and produces the contaminants listed in table 5-I.
5.2.1.4 Exhaust Effluents From Space Vehicle Launches.
5.2.1.4.1 Space Transportation System. The major environmental effect at STS
launch occurs in the troposphere, 0 to II km (0 to 6.8 miles) altitude, and
results from combustion of the Solid Rocket Motor (SRM) propellant. Table 5-4
lists the major chemical compounds emitted by the Space Shuttle's two SRM's
and three main engines at the nozzle exit plane and for a plane 1 kilometer
(0.6 mile) downstream from the nozzle. The difference between the two sets of
figures reflects the effect of afterburning within the rocket plume and the
entrainment of ambient air.
During a launch, the ground cloud generated by exhaust products rises slowly
and disperses over a period of time. The cloud formed at the base of the
launch platform includes the heated exhaust products from the SRM's and main
engines, steam from the water deluge for platform cooling and acoustic damp-
ing, and some sand and dust drawn into the cloud from the platform area.
Buoyancy effects of the high temperature cause the gas cloud to rise to be-
tween 0.7 and 3.0 km (0.4 and 1.8 miles).
Although the amount of exhaust products contained in the ground cloud is a
function of the local meteorology (principally the depth of the surface trans-
port layer), it is typically calculated to be that due to approximately the
first 20 seconds of burn time of the Space Shuttle main engines and boosters.
This estimate is arrived at by considering the ground cloud to be formed by
the exhaust cloud emitted through the flame trench for the first I0 seconds
after ignition plus the column of exhaust products formed during the following
I0 seconds (reference 5-I).
Estimated amounts of principal exhaust products in a typical ground cloud at
stabilization are as follows:
Exhaust Product Kilograms Pounds
Carbon dioxide 76 800 169,300
Water 65 300 144,000
Aluminum oxide 56 I00 123,700
Hydrogen chloride 35 200 77,600
Chlorine 4 000 8,800
Oxides of nitrogen 2 300 5,100
Carbon monoxide 240 530
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Table 5-4. Exhaust Products for a Normal Space Shuttle Burn
(Percent by Weight, Mass Flow)
Nozzle Exit Nozzle Exit Downstream of
Product Plane-SRMI/ Plane-Orbiter _2/ Plane (I km) 3_/
Aluminum chloride 0.02 0.000
A1uminum oxide 30.10 18.279
Argon and other 0.00 0.60 0.000
Carbon dioxide 3.40 25.029
Carbon monoxide 24.1 0 0.042
Chlorine (Cl) 0.30 0.000
Chlorine (C12) 0.00 1.309
Hydrogen 2.10 3.50 O.000
Hydrogen chloride 21.20 II .460
Hydroxyl and
atomic hydrogen O.02 O.000
Iron chloride 0.97 0.000
Nitric oxide 0.00 0.819
Nit rogen 8.70 4/
Water 9.30 95.90 43.063
!/ SRM(average mass flow 9400 kg per sec for two motors)
2_/ Orbiter (average mass flow 1410 kg per sec for three engines)
3_/ Afterburning of combined SRM's and Main Engines is complete, and these
calculations include interactions with air, assuming oxidation with
approximately 4670 kg of oxygen per second
-4/ Assumed to be part of air
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5.2.1.4.2 ExpendableLaunch Vehicles. To providelaunchesfor NASA and other
government agencies,commercial users, and foreign organizationsduring the
period prior to STS operationalstatus,KSC will continueto host launchesof
Delta and Atlas vehicles as in the past from launch pads at CCAFS. The
combinedtotal launch rate is estimatedat four to six vehiclesper year until
the Space Shuttlebecomesoperational,at which time the use of ELV's will be
eliminatedat KSC (seetable 2-I).
Table 2-2 lists the ELV's currentlyin use, along with key characteristicsof
propellanttype and weight. Comparisonwith the STS will show that the ELV's
are significantlysmallerthan the Space Shuttle. Table 5-5 gives quantities
and constituentsof exhaust products for the ELV's currently launched under
NASA sponsorshipat CCAFS.
Table 5-5. EmissionsFrom ELV's in the Troposphere!/
Vehicle EmissionConstituents(kg)
HCI CO NO
Delta (2900 Series) 3,920 II,320 II
Delta (3900 Series) 5,630 13,740 15
Atlas-Centaur 0 24,310 0 2_/
!/ The troposphere is the atmospheric layer at 0.5 to 20 kilometers
above sea level (l km = 0.6214mile)
_2/ The NO formed from N2 impurity in the Atlas-Centauris not included.
The concentrationof NO in the exhaust of such stages has been
estimatedat 3 ppm for an N2 impuritylevel of 600 ppm.
5.2.1.5 Aircraft Exhaust Emissions. Table 5-6 lists the predicted annual
rate of aircraft operations (takeoffsand landings) at the Shuttle Landing
Facility (SLF). Table 5-I shows the expected constituentsand quantities of
exhaust emissionswhich would be releasedannually in support of the maximum
40 STS launchesper year.
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Table 5-6. Projected SLF Traffic I_/
Fiscal Year 2/ 79 80 81 82 83 84
Launches per Year (STS) 0 4 9 16 18 25
Orbiter Landings 0 ! 0 9 14 16 23
Orbiter Carrier Aircraft 4 12 4 8 8 8
(A/C)
Ferry Support A/C 12 8 4 4 8 8
Shuttle Training A/C 480 840 1680 2640 4080 4560
MSBLSA/C 768 924 716 716 716 716
a
Mission Support 40 70 120 184 288 320
Payload Delivery 8 14 30 46 72 80
Spacelab Delivery 0 206 218 230 245 257
Upper Stage Delivery 0 12 36 72 78 102
Astronaut Proficiency 200 400 400 400 400 400
NASAExecutive A/C I00 I00 I00 I00 I00 I00
!/ As of January 1979, contingent on success of program schedules.
_/ Fiscal year is Government Fiscal year, October 1 through September 30.
5.2.1.6 Chemical Releases by Ventin_ and Evaporation. Releases to atmosphere
of innocuous chemicals such as helium and nitrogen are not addressed here.
Areas of particular concern are releases from hydrocarbon fuel storage, hyper-
gol and chemical storage, cryogens, paint shops, chemical laboratories, and
component cleaning. Table 5-I provides predicted annual quantities and con-
stituents of chemical releases.
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5.2.2 AIR QUALITY IMPACTSAND MITIGATING MEASURES. Present KSC activities
impose no known environmental impacts on air quality that exceed state or
Federal standards. Future STS operations are not expected to exceed these
standards and no long-term effects on air quality are predicted. Table 5-I,
which is based on 40 STS launches per year and therefore does not include ELV
products, indicates that the effluents released annually by KSCactivities may
impose temporary and moderate impacts on air quality. Through carefully con-
sidered use and analyses of the available tools (meteorological predictions,
computerized cloud model programming, and timing of launch windows), the
severity of impact on air quality will be limited to the degree possible.
In order to evaluate the impact of emissions released annually by KSC activi-
ties, table 5-7 provides for a comparison of the quantities of the five major
constituents of air pollution for which Brevard County estimates are avail-
able. Discussion of specific areas of concern follows.
Table 5-7. Annual Emissions (Predicted) 1/
From KSC and Brevard County
KSC Brevard County KSC Percent
of Brevard
Emissions Kilograms Pounds Kilograms Pounds County
SOx 46,000 101,400 13,883,800 30,608,000 0.33
Particulates 2,264,400 4,992,100 14,759,200 32,538,000 15.34
NOx 279,950 617,180 31,507,000 69,460,000 0.89
HC 176,000 388,120 17,476,300 38,528,000 1.01
CO 1,706,700 3,762,600 77,543,000 170,950,000 2.20
I_/ The predictions are for 1985. KSC data are based on 40 successful
launches and Orbiter landings per year at KSC (episodic); Brevard County
predictions were published by Florida Sulfur Oxides Study, Inc. as
prepared for the Florida Environmental Regulation Commission (reference
3-6).
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5.2.2.1 Ground Cloud Impacts. At launch,the Space Shuttle propellantspro-
duce a ground cloud similarto those generatedin the past by Delta and Titan
ELV's, but larger in size. Constituentsof the Space Shuttle ground cloud
will be (1) the exhaustproductsfrom the two SRM's and from the three liquid
propellantmain engineswhich igniteat launch,(2) the productsof afterburn-
ing in the exhaustplume, and (3) the water, air, and ground debris which mix
with the exhaust gases at the launch area. The potential effects of the
ground cloud are governed by the speed and direction of its movement, local
meteorologicalconditions,and concentrationof the chemical constituentsin
the ground cloud. Table 5-8 indicatesthe major pollutantswhich comprisethe
cloud and the exposurelimits establishedfor each.
Work is being conductedto test predictionsthat the Space Shuttle effluents
will have no long-term impact on air quality and that short-termexposures
will have no significanteffect on plants,animals, or the human environment.
Studies have been made and are being continuallyupdatedas new data are col-
lected in order to increasethe comprehensiveunderstandingof the character-
istics and predictableimpactof the ground cloud, as follows:
a. MathematicalModelin9 of the Ground Cloud Movement and Diffusion.
The stabilized ground cloud is more than 99 percent air, and this
greatlyreducesthe concentrationof the exhaustproducts. At stabi-
lization altitude the cloud will expand due to atmosphericdiffusion
and move with the prevailingwinds at that altitude. NASA/Marshall
Space Flight Center has developeda Rocket ExhaustEffluentDiffusion
(REED) computer programwhich predicts the dispersionof the ground
cloud. This program includesfactorswhich considerthe variance in
the actual amounts of constituents in a given ground cloud as
influenced by the atmosphericconditions prevailing at the time of
launch,and is describedin detail in appendixC of referenceI-3.
If the resultsindicatethat certainmeteorologicalconditionsexist-
ing at launch time could have an adverse influenceon environmental
impact from the groundcloud, launch constraintsconsistentwith mis-
sion requirementsand astronautsafety could be imposed to mitigate
the predictedeffects.
b. Extensive in situ Measurements of Similar Though Smaller Ground
Clouds Produced by ELV's. The toxic constituents in the ground
clouds are carbon monoxide, chlorine, oxides of nitrogen, hydrogen
chloride, and aluminum oxide. Carbon monoxide is oxidized almost
completelyto carbon dioxide in the exhaust plume. Chlorine exists
in very low concentrationsand is of little consequencein terms of
its effect on ambient air quality. The same is true of both oxides
of nitrogen. The two species of interest are hydrogenchloride and
aluminumoxide.
Over the past ten years, extensiveground,sea, and airborne investi-
gationsof exhausteffluentshave been conductedon flightsfrom KSC,
includingDelta and Titan Ill vehicles. These vehicles are smaller
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Table 5-8. Air Quality Guidelines for Short-Term
Exposure to Rocket Exhaust Effluents (in ppm)
5 hr/day,
Product I_/ I0 min 30 min 60 min 1 hr/day 3-4 days/mo
Hydrogen chloride
STPL -TWA 4 2 2 2 O.7
-CL 8 4 4 4
PEL -TWA 7 3 3
-CL 14 6 6
EEL -TWA I00 50 20
Carbon monoxide
STPL -TWA 90 35 25 15
-CL 135 53 38
PEL -TWA 275 I00 60 \
-CL 275 I00 60
EEL -TWA 1500 800 400
Nitrogen oxides
STPL -TWA 1 1 1 1 O.5
-CL 1 1 1
PEL -TWA 5 3 2
-CL 5 3 2
EEL -TWA 30 20 10
Chlorine
STPL -TWA 1 O.5 O.5
-CL 3 1 1
PEL -TWA 3 2 2
-CL 3 2 2
Product 2--/ Type of Limit Duration TWA,mg/m3 CL, mg/m3
Particulate National pri- Annual geo- 0.075 0.26 3/
(Aluminum mary standards metric mean
oxide)
National sec- Annual geo- 0.06 0.15 3__/
ondary standards metric mean
I/ Source: Committee on Toxicology, National Academy of Sciences
Notes: __/ Source: Environmental Protection Agency (See reference I-3)
3-/ Maximum24-hour concentration, not to be exceeded more than once a
year
Abbreviations: TWA : Time Weighted Average
CL : Ceiling Limits
STPL : Short-Term Public Limits
PEL = Public Emergency Limits
EEL = Emergency Exposure Limits (occupational)
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than the Space ShuttleSolid Rocket Boosters (SRB's),but the chemis-
try of the propellantsis sufficientlysimilarthat modeling of dis-
persions using informationfrom prior experience is considered a
valid approach to predicting the environment of the cloud. Fur-
thermore, as shown in table 5-9, measurementsat KSC have confirmed
that Titan rocketsproducevery low surfaceconcentrationsof pollu-
tants, often below the detectioncapabilityof the instrumentation.
In-cloudobservationsby aircraft are also provided in table 5-9 for
Titan launches. These data were used to test models which show that
Space Shuttle launch clouds should be acceptable at ground level.
Because the ground-levelconcentrationsobserved on Titan launches
were very low, recent (1974to 1978) studieshave focusedon airborne
exhaust clouds almost exclusively(referenceI-3). Using data from
these observations,model predictionshave been made for the Space
Shuttle to providecomparisonsto determineimpact on air qualityat
KSC. Figure 5-I and table 5-I0 show that the estimatedsurfacecon-
centrations of hydrogen chloride and aluminum oxide for the Space
Shuttle groundcloud are all below the human exposurelimits,both in
maximum concentrationand in duration of exposure, as specified in
table 5-8.
c. Studies of the Effects of Simulated Exhaust Effluents on Plants_
Insects_ and Animals. Aluminum oxide and hydrogen chloride are not
common air pollutants and less is known of their effects than of
other more common substancessuch as nitrogen dioxideand sulfur di-
oxide. A comprehensiveliterary survey on the effects Of hydrogen
chlorideand aluminumoxide on plants has been publishedby S. Lerman
(reference5-2) and work has been done to characterizeplant and ani-
mal responsesto exposure to these substances (referencesI-3, 5-3,
and 5-4). Under a KSC contractwith the U.S. Departmentof Agricul-
ture at North Carolina State University, studies to determine ex-
pected effects of exhaust products on plants and insects are now
nearing completion. This work has provided substantiateddose re-
sponse data. Results on plants, presented in table 5-11, indicate
that the levels predictedfor the Space Shuttlewill have only local,
short-termnuisanceimpact.
Cultivated plants generally are the most sensitiveto HCI. Radish
and soybean have proven to be the most sensitiveof all plants ex-
posed. Citrus has proven to be one of the most resistant of all
plants exposedas indicatedin table 5-12.
Most vegetablecrops and nativeplants have been intermediateto high
in resistance to gaseous HCI. Duration of exposure affects the
severity of injury caused by the HCI. Plants exposed for shorter
times requiredhigherHCI concentrationto produce similarlevels of
injury. There was no uniformresponseacross species. However, the
dose response results (concentrationX duration of exposure) indi-
cated that concentrationlevels were more injurious than exposure
duration (see table 5-13).
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Table 5-9. Peak Pollutant Measurements Summary: Titan III Launches I__/
Surface Measurements Airborne Measurements
Partic-
AI203 ulates
HCl (micro- (micro-
HCI (ppm- grams/ HCI Cl 2 grams/ CO NOx
Month Year (ppm) sec) cu. meter) (ppm) (ppb) cu. meter) (ppm) (ppb)
Dec 73 <0.I .......
Feb 74 <0.I - 85.0 .....
May 74 1.3 205.0 59.0 .... >650
Dec 74 0.5 15.2 136.0 40 - 2600 <3 -
May 75 0.05 24.0 6.3 6 - 1500 - 435
Aug 75 0.014 7.0 0.2 6 - 1400 - 1400
Sep 75 0.04 24.0 N/A 2 - 120 - 290
Mar 76 - - - + - + <I II00
May 77 - - - I0 + 1900 - 500
Aug 77 - - - 30 55 II00 - lO00
Sep 77 - - - 25 40 - - -
Mar 78 - - - 17 ....
!/ These measurements are peak values measured but, especially for the
surface values, are probably not the absolute peak values. The prime
purpose of the surface level measurements was model comparison. In
addition, peak measurements for a given launch did not necessarily
occur at the same site, distance (from pad or cloud centerline), or
time as any other launch. Measurement technique, instrumentation, and
strategy also changed from launch to launch. For a discussion of
these results, see references 5-5 and 5-6.
A (-) in the table indicates that no attempt was made to measure this
effluent.
A (+) in the table indicates incomplete data due to instrument mal-
function or operator error.
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NOTE: ENVELOPE OF CASES USED FOR MODEL PREDICTIONS SHOWING MAXIMUM
AND MINIMUM VALUES OBTAINED, FOR CALCULATIONS OF THE CURVES
SHOWN 1N THIS FIGURE, CLIMATOLOGICAL DATA WERE SELECTED FOR 45
DAYS SPACED APPROXIMATELY A WEEK APART DURING 1969. IN THIS WAY,
DATA REPRESENTING THE ENTIRE YEAR ARE INCLUDED. WHENEVER POSSIBLE,
DATA FROM THE WEDNESDAY MORNING SOUNDING WERE USED.
Figure5-I. SpaceShuttleAir Quality:"PreliminaryPredictions
Table 5-10. Model Predictionsof HCI Concentrationsfor an STS Launch_/
Azimuth Time of ApproximatelO-min MaximumPeak _/ Maximum
Range Bearing Cloud Passage Time - Mean Concen- Concentration Dosage
(meters) (degrees) (seconds) tration (ppm) (ppm) (ppm-sec)
1,250 138.7 244.748 0.003 0.003 1.618
2,250 138.3 252.349 0.299 1.220 179.474
3,750 138.0 270.713 0.858 3.264 515.027
5,000 137.7 297.858 1.141 3.942 684.405
6,250 137.6 331.631 1.219 3,783 731.351
7,500 137.5 370.225 1.198 3.333 719.254
8,750 137.4 412.286 1.130 2.826 679.242
lO,O00 137.4 456.859 1.043 2.361 628.775
11,250 137.3 503.275 0.953 1.969 577.697
12,500 137.3 551.071 0.867 1.652 530.668
13,750 137.3 599.915 0.790 1.399 489.127
15,000 137.3 649.572 0.719 1.196 453.008
v. 16,250 137.2 699.869 0.657 1.033 421.622
17,500 137.2 750.677 0.601 0.901 394.223
18,750 137.2 901.898 0.550 0.792 370.137
20,000 137.2 853.459 0.505 0.701 348.813
21,250 137.2 905.302 0.465 0.625 329.810
22,500 137.2 957.380 0.429 0.560 312.765
23,750 137.2 I009.657 0.396 0.505 297.380
25,000 137.1 I062.104 0.366 0.458 283.455
I_/ NASA/MSFCMultilayerDiffusionModel, using meteorologyfrom 7:00 p.m., 18 March 1969
(reference1-3).
Note: The significantdigitsshown on the computerprintoutshould not be construedas
implyingthat degreeof accuracy.
2_/ The largestvalue of hydrogenchloride (HCI)found for any of the cases was 3.9 parts per mil-
lion (ppm). The average of the peak HCI concentrationsfound for the 45 cases was 1.44 ppm.
The smallestHCI peak concentrationwas 0.5 ppm. The maximumdosage predictedfor the 45
cases was 731 ppm-sec,correspondingto an averageconcentrationof 1.22 ppm over a lO-minute
period.
Table 5-11. Doses of HCI Causing3-5% Foliar Injury to SelectedPlant Species
Time (minutes)
(i0) (20) (40) (80)
Concentrations (ppm) of HCI
Plant Species 1/ Scientific Name Causing 3-5% Foliar Injury
Radish Raphanus sativus 8 5 4 3
Soybean G_,Ici ne max ] 6 I l 7 4
Tomato L¥copersicon esculentum 15 10 9 4
Corn Zea mays 14 II i0 8
Pennywort H_,drocotyle umbellatum 15 13 9 5
!
Arrowhead Sagittarialancifolia 26 20 18 lO
Wax Myrtle Myrica cerifera 30 19 16 12
Marsh Elder Iva frutescens 35 22 19 14
Citrus Citrus maxima >80 >80 70 50
1/ The species are ranked in order of susceptibility (sensitive to tolerant) over the 4 exposures.
Table 5-12. Effects of HCI as Shown by Percent Injury of Citrus I_/
HCI Concentration (ppm)
0 40 60 80
Exposure
Time (min) Percent Injury
20 0 0 + 2/ +
40 0 0 2 5
80 0 1 9 23
I_/ Two species of citrus were used: Citrus maxima (grapefruit) and
Citrus sinensis (orange).
2/ The + signifies less than 0.5 percent average injury.
Table 5-13. Percent of Foliar Injury to Selected Plant Species Caused by
Doses of HCI
HCI Concentration (ppm)
0 5 8 10 16 20 30 40
Exp.
Time Percent of Foliar Injury
(Min)
Radish i0 0 +_I/ __2/ 6 - 49 - -
Raphanus sativus 20 0 3 - 36 - 66 - -40 0 5 - 49 - 91 - -
80 0 16 - 89 - 98 - -
Soybean 10 0 0 - + - 9 - -
Glycine max 20 0 0 - 1 - 70 - -
40 0 + - 14 - 70 - -
80 0 6 - 69 - 94 - -
Arrowhead i0 0 - + - 1 - 7 -
Sagittaria lancifolia 20 0 - + - 1 - 31 -
40 0 - + - 2 - 55 -
80 0 - 1 - 26 - 85 -
Pennywort I0 0 - - + - 9 - 23
Hydrocotyle umbellatum 20 0 - - 1 - II - 72
40 0 - - 4 - 60 - 94
80 0 - - 49 - 88 - 98
1/ The + signifies less than 0.5 percent average foliar injury.
2_/ The - signifies no readings taken.
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Preliminaryexposures of plants to AI203 singly and in combination
with HCI were performed. Radish, soybean, snap bean, corn, and
pennywort have been exposed to various concentrationsof Al203.
Radish, snap bean, and pennyworthave been exposed to Al203 and HCI
in combination at various concentrations. No effects have been
noticed on any plants exposed to Al203 alone at any concentration;
also no differenceshave been noted betweenplants exposedto similar
HCI concentrationsalone or in combinationwith Al203.
Studies of hydrogenchloride effects on honeybees (an importantin-
dustry in Brevard County) show that the insect is very tolerant to
exposure. Table 5-14 providesdata from work by USDA/ North Carolina
State Universityunder contractto KSC. It is concludedthat there
will be no impactto apiariesfrom the ground-levelconcentrationsof
HCI expectedfrom the Space Shuttle.
Table 5-14. Resultsof Probit Analysisof HoneybeeResponse
to Doses of HCI
Duration of Exposure EffectiveDose Causing 50 Percent
(minutes) Mortality (in ppm of HCI)
3O 1/
60 "T/
80 130
120 I00
240 80
360 50
480 25
1/ Effectivedose cannot be determinedbecause adequately high concen-
- trationsof HCI cannot be achieved. Concentrationswere in excess of
200 ppm.
d. Long-Term Field Studies to Establish the Baseline Ecolo_ of the
Area. KSC has initiateda series of monitoringprogramsand studies
to provide a baselineof the local environmentas it now exists and
to developmethods for evaluatingany changes that may occur. The
most recentstudiesinclude: (1) the final year of a 3-yearcontract
with the Universityof CentralFlorida to providea baselinedefini-
tion of terrestrial and aquatic communitiesat KSC, includingen-
dangered speciesof flora and fauna on state and Federallists, and
(2) studies by Georgia Instituteof Technology in conjunctionwith
the Fish and Wildlife Service to derive specific informationabout
techniquesfor trackingthe FloridaManatee (an endangeredspecies).
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,;_;_;_::.Extensivework has been performed over the past 6 years by the
_.. r:"Universityof Central Florida (formerlyknown as Florida Technologi-
,;._.:.,cal University)under contractto NASA/KSCand with specificguidance
'_ _;_by the American Instituteof Biological Sciences. This project es-
_:_ tablished I0 reference sites and used permanent transects to deter-
mine standard parameters for biological assay. For initial Space
Shuttle flights, these sites will be used for monitoring effects on
vegetation communities in the area. Surveys, now under way by the
U.S. Fish and Wildlife Service and .scheduled for completion by
October 1979, will identify and locate endangered and threatened
flora within the boundaries of the Merritt Island National Wildlife
Refuge.
A vegetation map of the area is included in a pocket on the rear
cover of this EIS.
e. Establishment of Sophisticated Air-Monitoring Stations to Provide a
Comparison Between Ambient and Post-Launch Air Quality. An air qual-
ity monitoring program (24 hours per day) was initiated in 1977 to
acquire and record data on all major constituents of air pollution in
the KSCarea. Two automated, air-conditioned trailers are identified
and operated continuously as a Permanent Air Monitoring System
(PAMS). These units will provide standard meteorology and air pol-
lutant data (wind velocity and direction, temperature, humidity,
measurements of sulfur dioxide, oxides of nitrogen, total and non-
methane hydrocarbons, ozone, and carbon monoxide), as well as
specialized measurements of hydrogen chloride and particulates to
verify predicted Space Shuttle exhaust concentrations and to record
ground-level dosages versus time.
Currently, the two PAMStrailers are operating at KSC to acquire a
minimum 12-month baseline prior to the start of STS operations. Some
of the preliminary data are provided in section III.
In addition to the PAMS, four mobile Surface Air Monitoring Stations
(SAMS) are being instrumented for deployment by late fall of 1979 to
remote sites. These units will provide limited surface meteorologic
data and will monitor sulfur dioxide, ozone, hydrogen chloride, and
particulate concentrations. The SAMScan be positioned in the pre-
dicted path of a Space Shuttle launch cloud to attempt to monitor
potential air quality degradation or they can be stationed at se-
lected locations to provide expanded baseline and specific episode-
related data from known geographical sites. Deployment locations for
the SAMSwill be determined as a part of the launch preparation for
each Space Shuttle.
Besides these KSC systems, three State-operated stations are main-
tained in the KSCarea, primarily to monitor two utility power plants
on the mainland. These stations are located to the northwest, west,
and southwest of KSC. Air quality information for ambient conditions
since 1973 is available from these stations (reference 3-4).
5-20
Finally, to test conclusions from prior observationsand computer
predictions,two in situ (airborne and ground-based)monitoring
activities are planned for the first few Space Shuttle launches.
Using techniques and instruments developed over the lO years of
researchand monitoringperformedat KSC, airborneoperationswill be
conductedto obtain data on the compositionof exhausteffluent con-
stituents, includinghydrogen chloride peak concentrations,aluminum
oxide loadingand particlesize distributions,solid/liquid/gaspar-
titioning information,and decay and diffusion rates versus elapsed
time.
A dosimeter has been developed which will provide reliable ground
measurementsof hydrogen chloride in an economicalmanner (reference
5-7). The system uses a sodium carbonate-coatedtube in a pumped
air system to provide dosage measurements at the l.O part per
million-secondlevel. This equipment will be deployed in near and
far-field locations at KSC to monitor real-time dosages at ground
Ievel.
5.2.2.2 AutomotiveExhaust Impacts. The only area of concernconnectedwith
automotiveexhaustsis the simultaneousstart, idling,and slow mass exodusof
the expected congregationof spectators'vehicles immediatelyafter a Shuttle
launch or an Orbiter landing at times when worst-casemeteorologicconditions
exist [winds of less than 15 kilometers (9 miles) per hour]. The greatest
concentrationsof viewerswill undoubtedlyoccur along the Kennedy Parkwayand
on the NASA causeway. Plans are being implementedto installpublic address
systems to speed the departure of viewers' vehicles by orderly startup and
exit by segments.
5.2.2.3 UtilitiesFuel CombustionWaste Impacts. An efficientUtility Con-
trol System (UCS) at KSC continuallymonitors stack emissionsthrougha smoke
alarm set for Ringlemann No. l (thresholdof visible smoke) and provides a
continuousrecordingof carbon dioxide. Malfunctionof equipmentwhich could
permit an increasein effluentoutput beyondthat permittedby Chapter17-2 of
the Rules of the Departmentof EnvironmentalRegulation (DER) of the State of
Florida is promptlydetectedand correctedby on-siteoperatingpersonnel.
5.2.2.4 Venting and EvaporationImpacts. To minimize the impact of releases
to the atmosphere of effluents resulting from chemical operations at KSC,
scrubbersystems,roof vents, air handlers,and recoverysystemsare utilized.
Scrubber units are providedfor those facilitieswhere monomethylhydrazineand
nitrogentetroxide are present, either as supplies or as residuals. Closed
systems direct the effluent from operations to scrubbers for treatment
by appropriatechemicals (sodium sulfite, sodium hydroxide, citric acid) to
render the effluent environmentally acceptable before release to the
atmosphere.
Roof vents are provided in those buildings in which exhaust effluentsfrom
servicevehicles or fumes of ammonia, nitrogen,hydrogen,oxygen, alcohol,or
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Freon are occasionallyliberated. Small quantitiesof these fumes are dis-
persedthroughthe roof vents.
Air handlersare providedin those facilitieswhere cleaningand chemicalcom-
poundingoperationsgeneratetoxic or noxiousfumes. A point-to-pointexhaust
system capturesfumes and particulatesfor filtrationand diffusionwith large
volumesof air beforereleaseto the atmospherethroughvent stacks.
Freon ll3 is used to clean components removed from propellanthandling sys-
tems. This activityis accomplishedin a laboratoryin BuildingK7-516with a
recovery system capable of reclaiming up to 296 kilograms (653 pounds) per
hour. Laboratorystudies to determinethe feasibilityof using nitrogen in-
stead of Freon ll3 for cleaninghave shown promise. However,this alternative
cannot be validateduntil used under fully operationalconditions. If the use
of nitrogenis then provedto be unacceptable,plans to increasethe Freon ll3
vapor recoverycapabilityto 592 kilograms(1306 pounds) per hour are avail-
able.
5.3 WATER QUALITY
5.3.1 SOURCESOF IMPACTS. The possibleenvironmentaleffectson water quali-
ty imposedby KSC operationscan be attributedto five general sources: (1)
water use, (2) dischargefrom sewage plants,(3) rainwaterrunoff, (4) dredg-
ing, and (5) runoff from washdownof componentsand equipmentand other opera-
tions. Table 5-15 shows the sourcesand estimatedquantitiesof contaminated
waste water that will be generatedfrom these sources.
Table 5-15. Water Quality: Water Consumptionand Sources
and Quantitiesof ContaminatedWater
Source EstimatedQuantities
(KiIoliters/Yr) (Gallons/Yr)
I. Consumptionof Water (Est.1979) 749,430 198,000,000
2. IndustrialArea Sewage 411,640max. I09,500,000max.
Plant Discharge 82,855avg. 21,900,000avg.
3. Complex 39 Sewage 124,465max. 32,850,000max.
Plant Discharge 55,115avg. 14,600,000avg.
4. RainwaterRunoff,Paved Areas 3,505,200 926,074,000
5. Dredging Unknown -
6. Runoff from Washdowns 6,056 1,600,000
7. Launch Deluge (40 launches/year) 45,440 12,000,000
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5.3.1.1 Water Use. KSC potable water is purchased from the City of Cocoa
municipal supply, currently at a rate of about 1,540 kiloliters (405,000 gal-
lons) per day. Average use during the STS era is estimated not to exceed
2,481 kiloliters (653,000 gallons) per day.
5.3.1.2 Discharge From Sewage Plants. Discharge of effluents from sewage
plants to self-contained polishing ponds (except for two plants for which KSC
has discharge permits) is monitored, recorded, and adjusted to be in compli-
ance with Chapter 17-3 of the Department of Environmental Regulation of the
State of Florida. The most recent data for the two National Pollutant Dis-
charge Elimination System (NPDES) pemitted discharges are shown in table
5-16.
5.3.1.3 Rainwater Runoff. Within KSC there are approximately 276 hectares
(681 acres) of paved area. These areas include the Shuttle landing strip,
parking lots, tanker pads, roads, and sidewalks. Rainwater runoff fran these
paved areas can be contaminated with hydrocarbons from vehicle oil and grease
drips. Runoff from unpaved areas can contain residues fran the application of
pesticides for citrus grove and grounds maintenance, as well as a contribution
of phosphorus, nitrogen, and suspended solids.
The monthly average rainfall at KSC is I0 centimeters (4 inches). It is esti-
mated that KSC experiences 12,700 kiloliters/hectare/year (1,357,802 gallons/
acre/year) of rain. Runoff could total 3,505,200 kiloliters/year (926,074,000
gallons/year) fr_n the paved areas. This runoff is diverted to ditches and
impoundments within the installation. No estimate has been made for runoff
fr_n citrus groves and other unpaved areas.
5.3.1.4 Dredging. Periodically, waterways and basins within KSC must be
dredged to maintain navigability, just as the Intracoastal Waterway in the
Indian River is managed. All dredging operations in preparation for the STS
program have been completed, but at some time in the future, further dredging
will be required. Dredging does not usually introduce new pollutants into the
water but can resuspend or distribute pollutants already present in sediment.
Dredging does temporarily increase turbidity and siltation, the severity of
which is dependent on hydrological conditions. A total of 25 kilometers (15
miles) of waterways and 423 kilometers (250 miles) of diking plus 19 kilom-
eters (11 miles) of surfaced roads which serve as dikes exist at KSC.
5.3.1.5 Runoff From Washdownand Other Operations.
5.3.1.5.1 Locomotive Maintenance. The waste water fr_ll locomotive washdown
is contaminated with varying small amounts of hydrocarbons and detergents. A
total of 950 liters (250 gallons) of water will be used for eacll locomotive
washdown. At the maximum rate of 40 Space Shuttle flights per year,
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Table 5-16. NPDESPermitted Outfalls - July 1978
Plant No. 1 Plant No. 4
7,171 Kiloliters 4,537 Kiloliters
Outfall Constituents (ppm) Max Min Avg Max Min Avg
Chlorine 2.2 0.8 2.0 2.0 0.0 1.9
pH Infl uent 7.4 7.2 7.3 7.9 7.5 7.7
pH Effluent 6.7 5.6 6.0 6.6 5.5 6.2
pH Aeration 6.4 5.6 6.0 6.8 5.5 6.2
Dissolved Oxygen Effluent 3.8 1.4 2.6 6.0 2.0 5.2
Dissolved Oxygen Aeration 2.6 2.2 2.4 3.4 1.4 2.4
Biochemical Oxygen Demand Influent 198.0 170.0 184.0 270.0 180.0 225.0
Biochemical Oxygen DemandEffluent 6.6 5.6 6.1 36.0 19.0 2.0
Biochemical Oxygen Demand% Removed 97.0 96.1 96.6 99.3 98.0 98.7
Total Solids Influent 715.0 683.0 699.0 602.0 591.0 597.0
Total Solids Effluent 670.0 621.0 645.0 603.0 560.0 582.0
Total Solids Aeration 2570.0 1870.0 2275.0 4400.0 4080.0 4240.0
Total Solids % Removed 9.0 6.3 7.7 7.0 0.0 3.5
Total Volatile Solids Influent 326.0 316.0 321.0 384.0 334.0 359.0
Total Volatile Solids Effluent 354.0 249.0 302.0 384.0 264.0 324.0
Total Volatile Solids Aeration 1620.0 1280.0 1480.0 3370.0 3270.0 3320.0
Suspended Solids Influent 87.2 77.6 82.4 204.0 171.0 188.0
Suspended Solids Effluent 5.2 3.5 4.4 14.5 8.3 11.4
Suspended Solids Aeration 1820.0 1310.0 1578.0 4050.0 3750.0 3900.0
Suspended Solids % Removed 95.5 94.0 94.8 95.1 93.0 94.0
Suspended Volatile Solids Influent 121.0 66.8 93.9 192.0 124.0 158.0
Suspended Volatile Solids Effluent 5.3 2.6 4.0 13.8 5.5 9.7
Suspended Volatile Solids Aeration 1470.0 1030.0 1260.0 3290.0 3090.0 3190.0
Settleable Solids Influent 1.0 1.0 1.0 1.0 1.0 1.0
Settleable Solids Effluent Trace Trace Trace Trace Trace Trace
Settleable Solids Aeration 18.0 I0.0 14.0 43.0 40.0 42.0
Phosphorus 11.5 9.0 10.3 14.1 13.1 13.6
Nitrate 16.0 1.6 8.8 13.0 9.6 II.3
Nitrite <0.03 <0.03 <0.03 <0.03 <0.03 <0.03
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locomotive washdowns could occur once every two weeks. This water is pres-
ently planned for discharge to a grassed area adjacent to the Locomotive Main-
tenance Facility.
5.3.1.5.2 SRB Washdown. Recovered SRB casings will be delivered to the SRB
Recovery and Disassembly Facility where they each will be processed by three
washing operations.
a. An initial rinse, using about 700 liters (185 gallons) of potable
water.
b. An initial wash and high-pressure water stripping operation requiring
about 175 kiloliters (46,000 gallons) of water and 15 kiloliters
(4,000 gallons) of distilled water plus surfactants.
c. A final wash using approximately 26 kiloliters (7,000 gallons) of
potable water plus 23 kiloliters (6,000 gallons) of distilled water
plus detergents.
The effluent from the initial rinse will drain back into the slip and turn
basin at Hangar AF. The effluent remaining after operations (b) and (c) will
be tested, treated, and, depending upon its final chemical makeup, either will
be landspread on 2,000 square meters (0.5 acre) of land behind Hangar AF or
will be removed for disposal by appropriate means. About 60 percent of the
water is expected to be reused for follow-on recovery operations; 144
kiloliters (38,000 gallons) of rinse and wash water will be discarded per
flight.
5.3.1.5.3 Parachute Refurbishment. Recovered main and drogue parachutes,
used to slow the descent of jettisoned SRB casings, will be delivered to the
Parachute Refurbishment Facility. Here they will be repeatedly washed in
machines until salinity of the rinse water reaches an acceptable level. This
operation will produce waste water contaminated with organic matter (seaweed)
and salt which will be routed to a holding tank. If found environmentally
acceptable by analysis, the water will be released to a drainage canal in the
KSC Industrial Area. Otherwise, it will be transported to the appropriate
disposal facility. Approximately 102 kiloliters (27,000 gallons) of water
will be required by this operation for each flight.
5.3.1.5.4 Launch Deluge Water. Coincident with Space Shuttle lift-off, a
total of 1,135 kiloliters (300,000 gallons) of water will be released within a
period of less than I0 seconds, The water is used to dissipate the heat
energy on the surface of the Mobile Launcher Platform and to suppress acoustic
levels in the payload bay. Much of this water is vaporized. The balance,
contaminated with chemicals from the SRB and main engine exhausts, flows from
the flame trench, down a ramp to collection ponds. A portion of the water may
escape to adjacent lagoonal areas which are impoundable.
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5.3.2 WATER QUALITY IMPACTSAND MITIGATINGMEASURES. In order to maintain
the level of water qualitywhich exists at KSC, proceduresand regulationsare
monitored and enforced and facilities have design features which reduce or
eliminatethe possibilityof inadvertentdegradationof water quality.
Average water use (see 5.3.1.1) is expectedto be less than 2 percent of the
availablesupply. Peak use will be II percent less than was required for
Apollo era (1969). Nonpotable supplies are available for launch activities
and other uses if needed,but high salinity and maintenanceof ground water
pumping systems would present problems which should be avoided if possible.
No shortageof potablewater is expectedduring the STS era.
The dischargefrom sewage plants is monitoredfor temperature,pH, dissolved
oxygen, biochemical oxygen demand (BOD), and concentrationsof phosphates,
nitrates, and nitrites. All effluents are treated to be in compliancewith
Chapter 17-3 of the Departmentof EnvironmentalRegulation (DER) of the State
of Florida.
Rainwaterrunoff from paved parkinglots and tanker pads is confined by con-
struction features and directed through drains and trenches to sumps, lined
ponds, and drainageditches. Restrictionsare imposedon spraying and strew-
ing operations (storm warnings and wind speed in excess of 8 kilometers per
hour) to preventreleaseof chemicalsto adjacentwater courses.
The washdownwaste water from locomotivemaintenancewill be monitoredfor en-
vironmentalimpact,and if unacceptablefor release,will be impounded,col-
lected,and treatedbefore disposal.
When future dredging is to be accomplishedunder NASA direction, stringent
regulationsand operatingprocedureswill be imposed. Principal among these
will be the requirementsto maintainlow vesselspeeds,to cease operationsin
the vicinity of observed Manatees,and to monitor levels of turbiditygener-
ated by discharge from spoil deposits;further deposits are to be withheld
until siltationhas subsided. Siltationbarrierswill be installedto confine
the disturbance.
Based on the informationpresentedin table 5-15, the impact on water quality
is not expected to be significant. Projectedfuture uses are less than peak
periods of past consumption,and waste loads are not expectedto be excessive.
Toxic materialsare carefullymanagedand extensiveimpoundingof the KSC area
for mosquito control providesconvenientand positiveflow control mechanisms
to contain contaminantsfor subsequent removal. Only the existence of high
water tables in conjunctionwith the use of soluble or readilytransmissible
materials could present problems, and facility design coupled with tight
operationalcontrolsminimizesthe risks connectedwith these conditions.
The only areas of concern identifiedwith water quality are the SRB disassem-
bly rinse and wash water and the launchdelugewater, managed as follows.
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5.3.2.1 SRB Washdown Waste Water Impact. Current plans call for the use of
potableand distilledwater at the Hangar AF SRB Recovery and DisassemblyFa-
cility for washdown of recovered SRB casings. After the initial dockside
rinse, the casingswill be disassembledand thoroughlywashed inside and out.
The effluentfrom this operation (includingsurfactants)as well as remaining
seawaterflushedfrom within the casing will be collected in catchments,fil-
tered for particulateremoval, and deliveredto a holding tank for reuse in
high-pressure water stripping operations. Following high-pressure water
strippingoperations,the remainingeffluentwill be directedto an individual
tank for analysis and field disposal. Laboratory analyses performed on
charred insulation and liner material have shown no harmful materials dis-
solved in wash waters. A final wash operation uses potable and distilled
water and detergentswhich are directed through troughs and sumps to another
holdingtank. Followinganalysis of the chemical content, the effluentwill
be landspreador, if necessary,removedand treatedfor disposal.
The total quantity of water expectedto be used will be about 144 kiloliters
(38,000 gallons) per launch, landspread over 0.2 hectare (0.5 acre). Land-
spreading for the maximum launch rate will require disposal of about 5,680
kiloliters (l,500,O00gallons) of water per year, approximatelytwice that
which is depositedby normal annual rainfall. Carefulmonitoringof the land-
spread area, including periodic analyses of ground well water, will ensure
that no harmfulchemicalsor effluentreach the receivingwaters of the Banana
River. Alternate methods of disposal, including removal by tank truck, are
availableshouldthey be needed.
5.3.2.2 Launch Deluge Water Impact. At launch,large amounts of water will
be used in the area of the launch pad. Water will be used to suppress
acoustic levels in the Orbiter payloadbay, and coolingwater will be sprayed
on the Mobile Launcher Platform and the flame trench to dissipate the heat
energy released at engine ignition. A total of 1,135 kiloliters (300,000
gallons)will be used in less than IO secondsfor these purposes,and a signi-
ficant amount will be vaporized and rise as a part of the launch ground
cloud. The residual water will flow off the concrete launch pad base into
surroundinggrassedareas at the pad and into holdingp_nds which were used in
the Apollo program to trap runoff cooling water containing kerosene wastes
from the Saturn IB and Saturn V vehicles. The ponds have a combinedcapacity
of 1041 kiloliters (275,000 gallons) and are expected to trap most of the
residuallaunch water runofffor testingprior to disposal. In the event that
high acid levels occur due to dissolvedhydrogenchloride from the SRM's, the
water will be chemicallytreated. Other constituentswould be treatedaccord-
ingly.
The lagoonal area surroundingComplex 39 Launch Pad A will be temporarily
impoundedby closingoff existingculvertsto the north and south of the flame
trench area, trapping any waste water runoff which might be transportedinto
waters to the north and east of the launchpad. Analyses of waters before and
after launchwill be comparedto determinewhetherany impacton water quality
has occurred. No significantimpacton water quality is expected.
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5.4 LANDQUALITY
5.4.1 SOURCESOF IMPACTS. The probable environmental effects on land quality
imposed by KSC operations can be attributed to five sources: (I) facility
construction, (2) landfill for waste disposal, (3) material storage areas, (4)
receiving lands for effluent discharge, and (5) tenant leases. Table 5-17
indicates that less than 6 percent of the total land area has been permanently
removed from the natural environment.
Table 5-17. Land-Use Inventory_/
Area Current Allocation Future Expansion
Designation (CY 1978) (5-Year Estimate)
Hectares Acres Hectares Acres
Facility 1,832 4,527 125 308
Construction
Landfill 21 51 None None
Material Storage 26 64 None None
Receiving Land 4 I0 Not determined at
for Discharge this time
Tenant Leases 1,016 2,511 None None
_/ Remaining land in natural state: 32,314 hectares (79,847 acres)
5.4.2 LAND-USEIMPACTSAND MITIGATING MEASURES. Virtually all new construc-
tion at KSC is now cd_nplete and modifications to existing facilities are pro-
ducing negligible impact on land quality. The KSCSanitary Landfill, adequate
in size for the next 25 years, utilizes monitoring wells and onsite inspec-
tions to maintain an environmentally acceptable landfill operation. No chem-
ical wastes or radioactive materials are accepted for disposal. Material
storage is accomplished on previously disturbed lands to the maximum extent
possible, with special efforts to maintain compatible land-use patterns. All
receiving lands for effluent discharge will be monitored to ensure that no
degradation of land quality occurs. Tenant lessees, including apiarians and
citrus grove operators, enhance the land quality by carefully controlled
application of chemicals and maintenance of the agricultural property in a
productive condition.
As noted in 4.3(d), KSC is committed to preserving floodplains and wetlands to
the maximumpracticable extent. No change to this philosophy is expected and
KSC impact on land quality should be positive.
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A potential impact on land quality at KSC is subsidence or earthquake-like
change caused by high vibration levels produced at launch by very large rock-
ets. Over 25 years of activity at KSC, including launch of the Apollo/Saturn
V (which produced thrust levels I0 percent greater than predicted for the
Space Shuttle), have shown no discernible effects of this type. No land qual-
ity impacts from launch are expected.
5.5 NOISE LEVELS
5.5.1 SOURCESOF NOISE. Noise generated at KSC by day-to-day operations and
by space vehicle launches and Orbiter landings can be attributed to five gen-
eral sources: (I) Orbiter reentry sonic booms, (2) launches, (3) aircraft
movements, (4) industrial operations, and (5) traffic noises. Table 5-18
lists measured noise levels at KSC and shows estimated levels for Space
Shuttle launch and Orbiter reentry.
5.5.1.1 Orbiter Reentry Sonic Booms. Sonic boom is an impulse noise, defined
as a discrete noise of short duration in which the sound pressure level rises
very rapidly to a peak level. The most important parameters for characteriz-
ing impulsive noise are the rise time, the peak sound pressure level, the
effective duration, and the number of repeated impulses. The impulse noise of
a sonic boom is not unique. A natural phenomenonwhich bears a resemblance to
sonic booms is the thunder produced by lightning strikes. The overpressure
and spectral content of thunder for lightning strikes up to a distance of 1 km
(0.6 mile) are almost indistinguishable from those of sonic booms (reference
I-3). For the first four Shuttle flights (part of the flight test program),
the Orbiter will land at Edwards AFB. Subsequently, the Orbiter will land at
KSC or Vandenberg AFB. When landing at KSC, the Orbiter will produce a low-
level sonic boom over much of Central Florida during the descent phase of the
mission. The sonic boom footprint predicted for the Florida peninsula varies
with mission trajectory; the nominal case is depicted in figure 5-2.
Inspection of this figure shows that overpressures for the nominal trajectory
during Orbiter return will not exceed 24 Newtons per _square meter (N/mL),
equivalent to 0.5 pounds per square foot (psf), until the vehicle is within
650 km (404 miles) of the landing site. Overpressures of 48 N/m2 (1.0 psf)
are expected at about 185 km (I15 miles) from the landing site and the nomi-
nal overpressures for any Orbiter entry will not exceed I01 N_m2 (2.1 psf)-
The area which experiences overpressure between 96 N/m2 (2.0 psf) and I01 N/mL
(2.1 psf) is generally small [about 26,000 hectares (I00 square miles)] and is
located no further than about 44 km (27 miles) from the landing site.
5.5.1.2 Noises at Launch. Launch noise has been part of the KSCenvironment
for many years. Table 5-18 provides peak sound pressure levels for expendable
launch vehicles for comparison with predicted Space Shuttle levels. Two types
of noise are associated with the launch and flight of the Space Shuttle: the
acoustic noise of the Space Shuttle main engines combined with the acoustic
noise of the SRB's, and the sonic booms generated by the Space Shuttle in
flight and its jettisoned components as they reenter the atmosphere.
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Table 5-18. Measured Noise Levels at KSC
dBA Range
Source Low Hi gh Remarks
Reentry Sonic BoomI/
Orbiter I01 N/m2 max.^(2.1 psf)
SRBcasing 96 to 144 N/m_ (2 to 3 psf)
External Tank 96 to 192 N/mL (2 to 4 psf)
Launch Noise
Titan IIIC 2/ 93.7 21 Oct 1965 (9,388 m)
Saturn I -2/ 89.2 Avg. of 3 (9,034 m)
Saturn V 7/ 91.0 15 Apr 1969 (9,384 m)
Atlas Z/ 96.0 Comstar (4,816 m)
Space Shuttle I/ 89.6 1.4 dBA Down From Saturn V
(9,384 m)
Aircraft
F4 Jet 2/ 107 18 km From Ground Zero
F4 Jet Z/ 158 Calculated at Ground Zero
NASAGulfstream 87 109 Takeoff (Marker 14)
NASAGulfstream 87 I00 Landing (Marker 14)
Industrial Activities
Complex 39A 71 78 Transformers
LETF 89 92 Hydraulic Charger Unit
Machine Shop 89 112 Base Support Bldg. M6-486
Computer Room 85 88 VAB - Room2KII
Snack Bar 2/ 60 CIF - Room154
Laboratories 45 58 CIF - Rooms139 and 282
Elevator 2_/ 62 Central Instrumentation Fac.
VAB High Bay 75 108 Welding, Cutting, etc.
VAB High Bay 106 116 Chipping
Hangar AE 2/ 77 Room125 During Test
Headquarters Office 58 75 Room2637 and Printers
O&COffice 2_/ 57 Room2063
Mobile Launcher Platform 70 94 Main PumpOperating
Mobile Launcher Platform 82 I00 2 PumpsOperating 5K Load
Industrial Area 55 66 15 m From Traffic Light
Undisturbed Areas
Seashore 50 69 Medium Waves (Nice Day)
Riverbank 48 48 Light Gusts (No Traffic)
150 m Tower 50 64 Light Gusts of Wind
/ Estimated.
_-/ Not measured or not applicable.
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Figure5-2. OrbiterReentrySonic Boom Footprint
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a. Acoustic Noise. At lift-off, the combined thrust of the Space
Shuttlemain enginesand SRB's is 30.74 X lO6 N, equivalentto 6.9 X
lO6 Ib of thrust.This is only slightlyrlessthan that of the Saturn
V which developed33.4 X lO6 N (7.5 X lOo Ib) of thrust. Since rock-
et engine sound levels are approximatelycorrelatedwith thrust, a
Space Shuttle launch is expected to produce about the same sound
levels as a Saturn V launch.
The results of measurementsof lift-off noise recordedduring Saturn
V launches have been used to derive equations to predict Space
Shuttle launch noise levels (referenceI-3). The calculatedmaximum
sound pressure level contours at ground level for a Space Shuttle
launch are shown in figure 5-3.
The distributionof sound level versus frequency for vehicle alti-
tudes up to I0,700 in (35,000ft) is shown in figure 5-4. At this
height, achieved60 seconds after lift-off,the sound pressure drops
about lO decibels (dB).
b. Launch Sonic Booms. Three sources of sonic boom exist for STS
launches: (l) Space Shuttle ascent, (2) jettisonedSRB casing reen-
try, and (3) jettisonedET reentry.
(1) Space ShuttleAscent. The Space Shuttleascent phase will cre-
ate the largestsonic boom of the missionbut since KSC azimuths
are confined to an overwaterdirection, launch sonic boom will
not impingeupon inhabitedareas. This large boom is the result
of two distinctfeatures. First, the overpressuresthat will be
experienced over the ocean during supersonic ascent will be
greaterthan those that might be expectedfrom the Space Shuttle
vehiclealone becauseof the contributionof the rocket exhaust
plume. This plume increasesthe effective size of the Space
Shuttle vehicle and preliminarycalculationsindicate that the
overpressuresmay be double those of the vehicle alone. Over-
pressuresas high as 290 N/m2 (6.0 psf) may be expected at lo-
cationswhere the shock waves first reach the ocean surface on
the groundtrack,approximately60 km (32 nmi) downrange. The
intensityof the sonic boom diminishesboth downrangeto 48 N/m2
(1.0 psf) at 85 km (46 nmi) and laterallyon eitherside of thegroundtrack to 96 N/m_ _1.0 psf) prior to lateral cutoff.
Lateral cutoff occurs when the local gradient in tilespeed of
sound permits the ray path to turn to a horizontalorientation
(parallelto the ground). No sonic boom will occur betweenthe
launchsiteand the shock wave touchdownpoint. The approximate
launch sonic boom footprintfor a KSC launch is shown in figure
5-5.
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Figure 5-3° Calculated MaximumSound Pressure Level Contours at Ground Level
for a Shuttle Launch
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The second factor is focusing caused by the longitudinalaccel-
eration and pitchovermaneuvers necessary for the vehicle to
achieveorbit. This larger sonic boom resultsfrom the accumu-
lation and reinforcementof pressure waves in the focusing
region which is a narrow area located along the centerlineand
out to lateral cutoff, about 75 km (40 nmi) on either side of
the groundtrack. Where maximum overpressurecan be as high as
290 N/m_ (6.0 psf) and with focusing factors rangingfrom 2 to
5, the possibilityof overpressuresof 1440 N/m2 (30 psf) at the
center of the focal zone and 480 N/m2 (lO psf) at lateralcutoff
cannot be ruled out. The overpressuresin the focal zone will
be confinedto a very narrow regionapproximately300 m (985 ft)
wide at the groundtrackand even narrowernear lateralcutoff.
(2) SRB Reentry. After SRB separation,the Orbiterand the External
Tank (ET) will continue to climb while the SRB's will reenter
the atmosphere. During descent and prior to parachutedeploy-
ment, the spent SRB's will generate sonic booms which will
strike the ocean surfaceover an area from 280 to 370 km (150 to
200 nmi) downrangefrom the launchsite. Maximum overpressures
of 96 to 144 N/m_ (2 to 3 psf) could occur in this area which
concideswith the SRB impactarea.
(3) ET Reentry. The liquid hydrogen and liquid oxygen in the ET
wi|| be expendedbefore orbit is achieved. The ET will be jet-
tisoned when empty, will break up, and fall to the Indian
Ocean. Atmosphericreentryof the ET could producea sonic boom
with maximumoverpressuresin the range of 96 to 192 N/m2 (2 to
4 psf). For KSC launches,ET reentry and accompanyingsonic
boom is expected to occur over remote, unoccupied areas of the
IndianOcean.
5.5.1.3 Aircraft Movements. Estimatedtakeoffs and landings,and types of
aircraft involved,are shown in table 5-6 for the entire STS era. Noise lev-
els are expectedto be no greaterthan those experiencedby a small conlnercial
airfieldcatering to a similarvolumeof traffic. See table 5-18.
5.5.1.4 IndustrialOperations. Noises generatedby industrialoperationsat
KSC will come from the intermittentactivationof hydraulicpumps, cranes and
derricks, diesel-poweredgenerators and locomotives,heavy-duty service ve-
hicles, sheet metal forming and cutting,and high-pressurewater jet process-
ing of recoveredSRB casings. Probably the loudest noises will be generated
by hydraulic pumps operating within the confines of their enclosures. See
table 5-18.
5.5.1.5 Traffic Noises. The intermittentnoise of arriving and departing
veh.icles(includingvisitors to the Space Center,the Merritt Island National
Wildlife Refuge, and the CanaveralNational Seashore) is expected to be no
greaterthan that experiencedin a major shoppingcenter parking lot. Table
5-18 presentstypical noise levels at the KSC IndustrialArea.
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5.5.2 NOISE IMPACTSAND MITIGATINGMEASURES. Sources of noise identifiedin
table 5-18 are essentiallyunavoidableand will present some level of impact
on the environment. However, except for reentrysonic boom caused by the re-
turningOrbiter, the nature and extent of noises expected for the future are
similarto those experiencedin the past at KSC.
Noise generatedby arrivingand departingaircraftwill be similarto that of
a commercial airportwith relativelylow volume of traffic. Table 5-6 shows
peak rates for a given number of STS missions. This noise is of short dura-
tion and is not expectedto affectareas beyond the KSC boundaries.
The loudestnoise generatedby industrialactivitiesat KSC will be produced
by hydraulicpumps operatingwithin the confines of their enclosures. Opera-
tors will be requiredby OccupationalSafety and Health Administration(OSHA)
regulationsto be equippedwith ear protectiondeviceswhen exposedto these
levels. Other intermittentraised levelsof noisewill occur during operation
of lifting equipment, diesel-poweredgenerators and locomotives,heavy-duty
service vehicles,and the CrawlerTransporter;by certain sheet metal forming
and cuttingprocesses;and by aqualaserremovalof residualthermalprotection
materialsfrom recoveredSRB's. Even the highestlevels of noise from indus-
trial activities will have minor impact on the environment,and none will
affect areas beyondthe KSC boundaries.
The Merritt Island National Wildlife Refuge and the Canaveral National Sea-
shore (CNS) are each public attractionswhich are enjoyed by local residents
and visitors. Noise generated by arriving and departing vehicles is
intermittentand creates only a minor impact. In fact, traffic noise at the
CNS is overriddenby the pervadingsound of the surf, as shown in table 5-18.
The two launch-relatednoise sources,launchacousticsand reentrysonic boom,
are expectedto presentthe followingimpacts.
5.5.2.1 Launch Acoustic Impacts. The noise generated by the simultaneous
firing of two SRB's and three Space Shuttle main engineswill build to a peak
of 95 dBA at a distance of 6 kilometers (3.7 miles) from the launchsite and
then will dwindleto inaudibilityover a period of about 120 seconds. Envi-
ronmentalreaction,human and animal,will be similarto that experiencedover
the past 20 years during lift-offof expendablelaunch vehicles.
At 6 km (3.7 miles) from the launchsite (the approximate distance of the
nearest viewing site), the absolute sound pressure level is predictedto be
123 dB (95 dBA). Assuming the duration of the sound to be 60 seconds, the
24-hour weighted average sound level would be 65 dBA for a 60-dBA background
noise level. This is below the EPA daytime guideline of 70 dBA but would
exceed the suggested60-dBA nighttimenoise limit. The nearestmainlandarea
to the KSC launchsiteis 17 km (ll miles) away. At this distance,the sound
pressure level is down to llO dB (80 dBA), correspondingto a 24-hourweighted
averagesound level of about 60.I dBA for a 60-dBA backgroundnoise level.
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Controlled proximityto the launch pad and structuralprotectionwill shield
personneland visitorsfrom noise levelsexceedingEPA limits,viz., 20-minute
exposure to a maximum of 135 dB between20 and I00 hertz (Hz) not more than
once in 24 hours. All public exposure levels are below those requiring
protective devices for such a short exposure; consequently, Space Shuttle
launch acoustic impacts are expected to be well within acceptable limits.
Damage risk criteriaare as follows:
Damage Risk Criteriafor ControlledAreasI_/
(PhysiologicalDamage - No Protection-SingleDaily Exposure)
FrequencyRange Duration SPL, dB
(Hz) (Minutes) Re: 0.00002N/m2
l to20 - _2_/
20 to lO0 20 135
lO0 to 6300 8 125 dBA 3--/
I_/Level and durationnot to be exceededor damage will result.
2_/No sound-pressurelevel (SPL) criteria have been developedfor this area.
Refer to reference 5-8, paragraph7-3.1.2, page 7-41, for physiological
effectsof high-intensity,low-frequencyacousticenergy.
3_/dBA: measured with an "A-weighted"frequencynetwork.
As far as is now known, sonic booms from launch vehicleascent and SRB and ET
reentry are unavoidable;however,the KSC launchsiteassures that the phenom-
ena will occur over little-usedareas of the ocean. Based on known trajectory
and existing wind conditions,the location of the focused ascent sonic boom
will be predictable. If necessary, it is possible to deploy vessels with
acoustic.detectionequipmentto the zone of predictedmaximum overpressureto
measure actual results for comparisonwith predictions. This same technique
was used for Apollo flights, and good agreement between modeled data and
actual measurementswas obtained (reference 1-3). As in the past, range
safety officerswill designatea launch danger zone which includesportionsof
KSC and a sea area and airspacemeasured from the launch point and extending
downrangealong the intendedflight azimuth. The size of the danger zone is
based on the potentialhazard to ships and aircraft. Helicopter and aircraft
surveillanceof the zone commencesan hour before launch. In accordancewith
current practice,ships and aircraft in the area will be warned of impending
launches. Focused sonic booms have occurred during previous space vehicle
launchesfrom KSC and have caused no problems. No difficultiesare expected
for Space Shuttle launchesfrom KSC.
The effects of launch sonic boom will involveonly overwaterlocationswhere
environmentaleffects are minimal. Human exposure to high overpressuresis
prevented by area control at the launchsite and along the groundtrack
5-38
downrange. In remote areas where ET reentry occurs, inadvertent exposure to
the reentry sonic boom should not exceed 192 N/mL (4 psf), a level insignifi-
cant compared to the threshold for physiological damage [720 N/m2 (15 psf)].
For these reasons, no significant effects from sonic booms are anticipated.
Beyond the boundaries of KSC, the public will be exposed to infrequent launch
noise comparable to traffic noise on a busy highway, which poses no danger of
physiological damage. The short duration and relatively infrequent occur-
rence, even at the highest predicted launch rate (one flight every I0 days),
make any human reaction beyond momentary orientation/awareness unlikely. Since
launch acoustic noise has been a part of the normal environment for this area
over the past 25 years, no adverse effects are expected.
5.5.2.2 Reentry Sonic Boom Impacts. The sonic boom generated over populated
areas by the returning Orbiter will constitute one of the few noises caused by
KSCoperations which will be heard beyond the KSC boundaries. At the greatest
predicted intensity, I01 N/m2 (2.1 psf), no primary structural damage will
occur. As shown in table 5-19, reaction will be of a "startle/movement"
nature.
Table 5-19. Physiological Effects From Sonic Booms
Sonic Boom
Overpressures, N/m2 Behavioral Effects
16 Orienting, but no startle response
Eyeblink response in 10%of subjects
No arm/hand movement
30 to III Mixed pattern of orienting and startle responses
Eyeblink in about half of subjects
Arm/hand movements in about a fourth of subjects
No violent physical reaction
130 to 310 Predominant pattern of startle response
Eyeblink response in 90% of subjects
Arm/hand movements in more than half of subjects
Gross body flexion in about a fourth of subjects
340 to 640 Arm/hand movements in more than 90% of subjects
The frequency of occurrence of the reentry boomof one every I0 days, maximum,
at the peak flight rate of 40 per year, makes it difficult to correlate with
existing data compiled by the International Civil Aviation Organization in
their comprehensive Oklahoma City study of sonic boom effects in 1964 (refer-
ence 5-9) because up to 15 booms per day were experienced in that exercise.
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In reviewing the effects of sonic boom produced by supersonic aircraft during
normal flight operations, the International Civil Aviation Organization found
that:
a. The probability of immediate direct injury to persons exposed to
sonic boom is essentially zero.
b. The percentage of persons queried who rated sonic booms occurring I0
to 15 times daily as annoying increased with increasing overpres-
sures. For overpressures of less than about 24 N/m2 (0.5 psf), no one
rated the boom as annoying; about I0 percent considered 48 N/m2 (I
psf) sonic booms annoying; nearly all considered 144 N/m2 (3 psf)
booms annoying.
c. Primary (loadbearing) structures meeting acceptable construction
standards or being in good repair showed no sign of damage up to
overpressures of about 960 N/m_ (20 psf). Nonprimary structures such
as plaster, windows, and bric-a-brac sustained some damage at over-
pressures ranging from 48 to 144 N/m2 (I to 3 psf).
The effect of a single boom estimated from the multiple boom data was that the
peak overpressures of a single sonic boom should not exceed 36 N/m2 (0.75
psf) if the populace is not to be annoyed. It is significant to note that the
International Civil Aviation Organization reported (reference 5-9): "Experi-
ence from Concorde test flights over water and many years of military flying
over the sea, in particular near land where many ships and small boats are
found, has not yielded any evidence of human disturbance by sonic booms at
sea."
The effects of sonic boom on the Eastern Wild Turkey have been studied
(reference 5-17). The reactions of nesting turkey hens and foraging adult
turkeys and poults was miminal, with no panic and only momentary cessation of
feeding. The reaction of captive minks to sonic booms has been observed
(reference 5-10). In this study, using 288-N/m2 (6-psf) overpressure sonic
booms, it was found that the mink were affected only to the point of sticking
their heads out of the cages. There were no frantic reactions or panic and
the mink shortly resumed their normal activities. Specific examples may
exist, however, for which the startle associated with sonic boom and other
impulsive noises has a deleterious effect.
It should be noted that the landing configuration of the STS can produce a
sonic bo_n over the St. Johns River basin, a portion of which is critical hab-
itat for the endangered Dusky Seaside Sparrow. Although no adverse effects
are expected, consultation with the Department of the Interior will be re-
quested under Section 7 of the Endangered Species Act. To ensure that no ad-
verse impacts are imposed, KSC is planning a program for monitoring selected
species of wildlife for their reactions in various zones of sonic boom
overpressures during an actual landing. In situ observation can provide added
information on this aspect of the Shuttle's impact on the environment.
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Sonic booms tend to be unexpected. Impulsivenoises which are novel, unher-
alded, or unexpectedlyloud can startlepeople and animals. Even very mild
impulsivenoises can awaken sleepers. Because startle and alerting response
depend largely upon individualcircumstancesand psychologicalfactors unre-
lated to the intensityof the sound, it is difficultto make any generaliza-
tion about acceptedvalues in this connection. To mitigate the effectsof the
reentry sonic boom, NASA plans to announce landing operationsin advance of
their occurrencewhenever possible. An interestedand informedpublicwill be
far less likelyto have any significantconcernfor an understoodand expected
noise. NASA also plans to deploy monitoring equipment at Dryden Flight Re-
search Center,California,to measurethe actualsonic boom overpressuresfrom
the first Orbiter landing. This equipmentwill be used at KSC, followingthe
fourth Orbiter landing,to providesimilarinformationon the KSC landings.
5.6 RADIATIONLEVELS
5.6.1 RADIATIONSOURCES. The sourcesof radiationat KSC produceboth ioniz-
ing and nonionizingradiation. Major radiation sources are few in number.
Minor sourcesare widely dispersedthroughoutKSC. Both are well controlled.
5.6.1.I Ionizin9 Radiation. Materialsand machinerywhich produce radiated
energy of high enough potentialto ionize air (33 electron-voltsand up) are
termed ionizingradiationsources. They presentthe greatestpotentialradia-
tion hazard to the environmentbecauseof their abilityto cause physiological
damage to living organismsand, for radioactivematerials, the potentialfor
lony-term contamination to irradiated zones. At KSC, ionizing radiation
devices can be categorized as industrial/operational,medical/diagnostic,
research/development,and launch related. Within these categories,sources
are termed major or minor, depending on their energy potential. Minor
material sources range from micro- and millicuriesto a few curies in size.
Major sourcescan range up to 250,000curies and more.
Typical sourcesof ionizingradiationat KSC include:
a. Minor sources: Cobalt 60, Krypton 85, Nickel 63, Tritium (3H),
Iron 55, Americium 241
Uses: Smoke detectors
Laboratory instruments
Medical instruments
Test/tracer fluids
Static elimination devices
Calibration reference sources
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b. Major sources: Californium252, Iridium192, Cobalt60, Plutonium
238, numerousmachinesources
Uses: Large materialsourcesfor radiography
X-ray producingunits
Medicaland industrialradiographyunits
Analyticalradiographyunits
RadioisotopeThermoelectricGenerators (RTG's)
Industrial/operationalsources are the largest in number and the most fre-
quentlyused. They are generallyemployedin industrialinstitutionalsupport
(e.g., industrial radiography,smoke detectors) and therefore include both
major and minor sourcesrangingfrom microcurieto curie levels.
Medical/diagnosticsourcesare limitedto operationwithin the medical facili-
ties at KSC, under the direct controlof licensedpractitioners. The largest
machines produceradiationat about 200 kilovoltspotential,maximum, and are
used daily.
Research and Development(R&D) sources at KSC are very limited, and usually
are connected with specific, program-relatedapplicationsof a specialized
type. Currentplanningfor STS envisionsthe use of limitedamounts of labo-
ratory tracer fluids and calibrationsources at the Hangar L Life Sciences
Facility for experimentalplant and animal work with radiation levels not
greater than millicuriequantities. No other R&D uses are projectedat this
time.
Launch-relateduses of ionizingradiationsourcestypicallyinvolvethe use of
low-energycalibrationsourcesfor flight experiments. Perhaps50 to 60 per-
cent of all satellitelaunchesemploy such sources,since reliablecalibration
is essentialto the mission. Typically,micro- and millicuriequantitiesare
utilized.
Deep-space probes and interplanetarymissions from KSC may employ RTG's for
the high power demands of long-termspace flights. RTG's can be of signifi-
cant size (75,000curies or more) and requiresubstantialprotectionto avoid
impact to the environment. Experiencesat KSC with these sources includethe
Apollo Program,Pioneer,Viking, and Voyagerlaunches. Although no RTG's are
present at this time, future deep-spacemissions such as the JupiterOrbiter
Probe (Galileo)will requireRTG's. DetailedEIS's for each of these missions
are preparedby NASA Headquartersor the appropriatedevelopmentcenter.
5.6.1.2 NonionizingRadiation. Nonionizingradiationsources at KSC include
visible and near visible infrared sources (e.g., lasers), electromagnetic
radiation [e.g., microwave and radio frequency (rf) transmitters], and
ultravioletradiation(e.g.,arc welders). Controlsfor these sourcesinclude
technicalevaluationof every source and, in some cases, baselinesurveys to
check for proper operationalcontrols, perform leak checks, and assure that
correctproceduresexist.
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The largestclass IV (highestpower class) laser at KSC is the PrecisionLaser
TrackingSystem used to calibrateand test the Space Shuttle MicrowaveScan-
ning Beam Landing System. This laser is emplaced at the ShuttleLanding Fa-
cility where it is being used to test the operationof part of the landing
control system for the Space Shuttle Orbiter. The system has a power output
of approximately50 millijoulesper pulse, lO0 pulses per second, and can
cause physiologicaldamage to humans.
Electromagneticradiation sources include the S-Band systems for tracking
flight vehicles and numerouscommunicatingrf devices. The first sourcesare
at fixed locationshaving lO-kW transmittersand operatingat a maximumof 200
watts. The rf transmitters are distributed throughout KSC and range in
operationfrom milliwattsto lO0 watts, maximum.
Ultraviolet radiation sources include xenon searchlights and arc-welding
equipmentin variouslocationsat KSC.
5.6.2 RADIATIONIMPACTSAND MITIGATINGMEASURES.
5.6.2.1 Ionizin9 Radiation. All ionizing radiation sources, regardlessof
size, are licensedor registered,inventoried,and strictlycontrolled. Pos-
session and operationof ionizingsourcesrequirevery stringentregistration
of machine sources and both state and Federal licensingof material sources.
In addition,offsite contractorswho operate properly licensed or registered
sourcesat KSC must be certifiedby the KSC RadiationProtectionOfficer to do
so. Federal regulationsinvolvea number of agencies,includingthe Nuclear
RegulatoryCommissionand the Departmentof Energy (reference5-11).
Except for RTG's, which are maintained in secure storage equipped with air
handling systems,securitymonitors,and personnelaccess controlsat Building
M7-1472, ionizingsourcesof radiationat KSC are placed in buildingsthrough-
out the center in proximity to the laboratoriesand operationalareas they
serve. For major sources (e.g., RTG's), air handling, security, personnel
controls, and other systems for storage are also extended to the use areas,
laboratories,launchsites,or wherever the source is located,to precludeany
adverse effects. Operationsinvolvinglaunch-relatedsourceswhich vary from
microcuriequantitiesto large RTG's may utilizecontrolsrangingfrom a Radi-
ation Control Center for central communicationsto airborne equipmentto de-
tect and track any airborne contamination,a Department of Energy computer
program for predictionof any downwind dispersionof airborne particles,and
field decontaminationand radiationmonitoring teams for emergencyoperation
in the event of catastrophicfailureof a launchvehicle. These same measures
have been employed for every RTG launchedfrom KSC in the past. There have
been no incidentsinvolvingRTG's at KSC.
5-43
Fire department authorities are notified of the existence of radiation mate-
rial so that safety of firefighting personnel is not endangered by vaporized
radioisotopes. Waste material contaminated with ionizing radiation is stored
in a designated area at Complex 19 prior to shipment to a Government-
designated or approved commercial repository. No onsite disposal of any waste
from ionizing sources is permitted. Waste loads are small and shipments are
infrequent. A recent shipment of waste which accumulated at KSC over a period
of 7 years amounted to fifteen 208-1iter (55-gallon) containers. No increase
in this rate is expected.
The environmental impacts associated with ionizing radiation sources at KSC
could include land, air, and water contamination and subsequent impairment or
death of plants and animal life through contact with contaminated substances.
The majority of materials are so small that, even in the event of accidental
spills or breakage, no significant threat to the environment would be imposed.
Nevertheless, all sources are surveyed and approved by the Radiation Protec-
tion Officer and are subject to inspection by the Radiation Protection Commit-
tee and the Occupational Medicine Environmental Health Services contractor
(reference 5-11). Quarterly inventories are made of every onsite source and
operators/users are required to undergo training and experience reviews. A
dosimetry service (e.g., film badges) is provided on a case-basis for those
sources providing enough potential for exposure to require such precautions.
5.6.2.2 Nonionizin 9 Radiation. For nonionizing radiation, electromagnetic
emissions at all sites are limited to those required for communication between
sites or with the vehicle under test. Intersite communications follow estab-
lished procedures and regulations as defined by the Federal Communications
Commission and other Federal, state and local regulating agencies. Communica-
tibns with the vehicle under test will conform to current regulations and
practices as implemented in the Space Ground Link System and the Space Track-
ing Data Network. All such transmissions from ground stations are carefully
controlled and directed upward toward the vehicle under test by high-gain, di-
rectional antennas. Control procedures preclude exposure to rf in excess of
I0 mW/cm2. Due to the low power levels and careful control of assigned
frequencies, electromagnetic emissions from rf sources will not affect the
environment in an adverse manner.
For the class IV laser, eye hazard is the greatest concern, as in any laser
operation. Operational restrictions include minimum eye-safe distance [1,600
meters (5,250 feet)], trained personnel, buddy systems, filtration devices,
and controlled procedures to mitigate this impact. Personnel required to work
inside the safety perimeter are issued safety goggles for mandatory use.
The American Conference of Governmental Industrial Hygienists Threshold Limit
Value 8-hour-per-day exposure of the work force to visible and near-visible
ultraviolet radiation (eye hazard) is 1.0 mW/cm2 for periods greater than 16
minutes (reference 5-12).
To preclude personnel exposure, all xenon searchlight work is d_ne under pro-
cedural controls. Arc welders at KSC are certified and standard industrial
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controls are enforced to preclude physiological damage. Also, OSHAstandards
are enforced during all arc-welding operations and only certified personnel
are permitted to use the equipment. No adverse impacts are expected.
Both ionizing and nonionizing sources have been part of the KSC environment
for many years. No change to normal operations is forecast and no effects on
the environment are expected.
5.7 SOCIOECONOMICS
5.7.1 SOURCESOF SOCIOECONOMICCHANGE. The possible effects of KSC on local
socioeconomics can be attributed to three general sources: (I) changes in the
work force, (2) changes in wages or type of work, and (3) changes in institu-
tional requirements which reflect on the surrounding communities. All other
socioeconomic impacts can be traced to these primary sources.
As stated in 3.5.1, the Brevard County area has experienced a significant
amount of cyclical growth and decline due to the influence of space program
activities over the past 25 years. Currently, the county is experiencing re-
covery and growth based on more diversified industry and a broader population
base. KSC actions are not expected to introduce significant change to the
current socioeconomic status but will continue to provide a mild stimulus as
indicated by review of the following specific areas.
5.7.1.1 Work Force Changes. The KSC work force will develop a different
skill mix in the coming years, moving from construction and facility activa-
tion to launch- and mission-related operations requiring capabilities in ad-
vanced technical disciplines. However, the KSC work force is expected to re-
main relatively stable in number throughout the duration of the STS program.
Figure 5-6 depicts recent employment history and current projections for KSC.
This figure indicates a stable work force at KSCof about I0,000 employees, of
which about 20 percent are civil service and 80 percent are contractor person-
nel.
5.7.1.2 Changes in Wages or Type of Work. The wages of personnel working at
KSC are generally higher than those paid for like skills in the surrounding
communities. This is partly due to the orientation of the KSCmission and the
requirement for a high degree of specialization within a particular skills
classification. Thus, the higher wage scale at KSC provides a potentially
greater buying power from the KSCsource with the resulting positive economic
impact on the surrounding communities. The Department of Labor/Bureau of
Labor Statistics has recently completed a detailed survey of wage rates in
Brevard County; a sample of the results is shown in table 5-20.
Although construction efforts will decline in the near future, operations con-
tracts will be phasing up for launch and mission activities. Overall effects
on contracted work and wages will probably be positive in direction.
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Figure 5-6. KSC ManpowerTrends
Table 5-20. Hourly Earnings of Office and Plant Workers in
Melbourne-Titusville-Cocoa, Florida, February 1978 I_/
Numberof Hourly Earnings 2__/
Occupation Workers Mean Median
Secretaries III $ 6.13 $5.88
Stenographers 83 5.27 5.21
Typists 112 4.99 5.09
File Clerks 36 5.28 5.27
Accounting Clerks 13 5.92 6.22
Key Entry Operators 26 5.68 5.55
Computer Systems Analysts 51 9.39 9.41
Computer Programmers 66 6.48 6.23
Computer Operators 70 6.81 7.01
Drafters 157 6.62 6.52
Electronics Technicians 353 8.27 8.36
Engineers I,.315 10.04 9.76
Registered Industry Nurses 14 7.18 7.24
Maintenance Electricians 143 8.16 8.00
Maintenance Machinists 147 8.04 8.02
Truck Drivers 49 6.54 6.46
Warehousemen 218 6.76 6.88
Guards 251 6.27 6.18
Janitors, Porters, Cleaners 149 5.06 5.14
_/ This table extracts data from the Kennedy Space Complex Contractors
Wages Survey, Melbourne - Titusville - Cocoa, Florida, dated February
1978. This survey was conducted by the U.S. Department of Labor, Bur-
eau of Labor Statistics. These data are based on a study of estab-
lishments with 50 or more workers whose major business is providing
goods or services to KSC, AFETR, or PAFB. Occupational classification
was based on a uniform review of job descriptions designed to take in-
to account the interestablishment variations in duties within similar
jobs. For details of the complete survey and descriptions of the
classifications used in this table, contact the Bureau of Labor
Statistics, Washington, D.C.
_2/ The mean is derived by totaling the earnings of all workers and divid-
ing by the number of workers. The median designates position: half
of the workers receive the same or more and half receive the same or
less.
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5.7.1.3 Chan_es in InstitutionalRequirements. Except for a predictedexpan-
sion in requirementsfor utilitiesand supplies of certain materials as de-
scribed in section II, no added requirementswhich would impact surrounding
communitiesare known.
5.7.2 SOCIOECONOMICIMPACTS.
5.7.2.1 Populationand Work Force. While further decline in the population
per household is expected due to a decliningbirthrateand an expanding re-
tiree population,there are indicationsthat the risingage level m_ slow as
economic conditions continue to improve. This will bring the county age
makeup in line with the state as a whole. The decisionto implementthe Space
Shuttle program at KSC will continueto affect the populationand work force
of Brevard County. Present and future employees of the KSC, both civil
service and contractor,are expected to establishhomes in the area and the
work force should stabilizeat about the present level. It is also expected
that the influx of retirees will continue. Therefore, the ratio of KSC
employeesto total populationwill declineand KSC impactwill diminish.
5.7.2.2 Wages_ Contracts_and the Economy. A review of past and currenteco-
nomic indicatorsclearly disclosesthat KSC activitieshave been significant
in the economicsof the area since the late 1950's. Though the KSC Bnployment
level has stablizedin the last few years, the impactof the Space Shuttleand
other KSC activitieswill continueto dominate the area economy.The KSC per-
centage of total work force is less, but the buying power of this element is
still very significant.Even the influx of manufacturingcompanies into the
area can be partiallytraced to the KSC influence. This is especiallytrue of
the recent relocationof electronicfirms (some manufacturingspace satellite
mechanisms)to BrevardCounty. As major Space Shuttlefacilitiesconstruction
nears completion,there will be constructionemployment reductions,although
there will be some demand for these skills during the operationalphase for
minor facilitiesand modification. However, the reductionin constructionem-
ployment is expected to be offset by increasedrequirementsfor operational
skills.
The full extent of Space Shuttlepayloaddevelopersand users cannot be exact-
ly determined.It is expectedthat numerous researchinvestigators/experimen-
ters will be transientsof the area while their respectivepayloadsare being
preparedfor launch. Their parentcompanies,universities,or researchinsti-
tutionsmay decide to establishlaboratoriesin the area. Based on past expe-
rience and the relationshipbetweenthe salary levels of aerospaceworkers and
other employees in Brevard County, KSC activitiesare expected to produce a
mildly stimulatingeffect on the local economy.
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5.7.2.3 Requirementson the SurroundingCommunit),.Although changes at KSC
are not expected to place further demands on the surroundinginfrastructure,
housing, public services and recreationalfacilitieswill continueto be uti-
lized and influencedby KSC employees. Analyses of these areas follow.
a. Housing. Constructiondata indicate that the BrevardCounty area is
experiencinga housingboom. Whetherthis trend will continueat the
current rate is questionable,althoughthere are definite indications
of a continuationof current building levels in the inlnediatefuture
based on an increasein county rezoningand site plan activity. Most
of the condominiumconstructionis taking place along the Atlantic
Ocean beach front,but areas providingaccess to the Indian and Banana
Rivers and to manmade canals are also being developed. The occupants
of condominiumsare not necessarilythe owners. Many absenteeowners
purchasethem specificallyfor incomeproperty and for future retire-
ment occupancy. Some condominiums are already occupied by
professional,scientific,and technical people on temporary assign-
ments in the area and this situationis expected to continuethrough-
out all phases of the Space Shuttleprogram.
Well-planned housing developmentsare being occupied shortly after
completion by recent arrivals and by longtime residents wishing to
improvetheir living quarters. Much privatedwelling constructionis
taking place in the more remote areas of the county and is expectedto
continue.
b. Public Services. Basic capabilitiesdevelopedduring the Apollo era
to meet public needs still exist, but some shiftingof demand areas is
taking place. For example,fallingstudentenrollmenthas resultedin
the closing of some schools, although this decline appea_s to have
stabilized. Use/demandfor hospital beds is cyclical, respondingto
outbreaks of influenza and other viruses. One public service area
requiring attention is public transportation. Presently there are
only limitedsystemsin the county or municipalities,and the need for
such a service will increase,although not in direct responseto KSC
needs.
c. Recreation. As with public services,the operation of KSC with its
accompanyingpopulation places a demand on the local government to
provide recreationalfacilitiesin addition to the the area's natural
recreationalresources(i.e., beaches,woodlands,rivers,and lakes).
KSC has establishedan employeerecreationalarea to meet the require-
ments of the work force for outdoor recreationalactivities,as out-
lined in 3.5.5, and cooperative agreements with the U.S. Fish and
WildlifeService and the National Park Service have made large areas
of KSC availableto the public.
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KSCwill impact the Canaveral National Seashore and the Merritt Island
National Wildlife Refuge in the future, as has been the case for the
past. The public is restricted from access to the Playalinda Beach
and certain surrounding wildlife viewing areas, plus duck hunting and
fishing sites, during launch activities (see table 4-I), and some
areas of the Space Center are closed to the public at all times. This
practice will continue to be necessary for the protection of the pub-
lic and the security of NASAinstallations. No significant impact has
been experienced in the past and none is anticipated for the future.
Furthermore, as experience is gained on the operational STS, these
restrictions will be relaxed to the maximumextent practicable.
5.8 WEATHER
5.8.1 SOURCESOF WEATHERCHANGE. As a result of studies to determine
possible environmental effects of the STS launch activity, two potential ef-
fects on climate have been identified with the ground cloud which results from
an STS launch. Acidic rain and inadvertent weather modification, while only
remote possibilities not yet fully understood, present potential effect areas
requiring more analysis.
5.8.1.1 Acidic Rain. Recent measurements of rain at KSC show that values are
averaging a pH 4.7, thought to be in the neighborhood of one full point lower
than rains of I0 years ago. A liquid having a pH value of 7.0 is neutral, be-
ing neither acidic nor basic. As the acidity increases, the pH value lowers
and each full digit on the scale is I0 times more acidic. A raindrop contain-
ing no impurities but in equilibrium with atmospheric carbon dioxide will
attain a pH of 5.7, so KSC measurements show I0 times more acidity than a
"natural" raindrop. The mechanism by which rains are becoming progressively
more acidic in the eastern half of the United States is not known but is
generally assumed to be due to increased output of sulfur dioxide and nitrogen
oxides from manmade sources such as burning fossil fuels and effluents of
automobiles. This trend is important to the continued health and welfare of
flora and fauna in the area, so investigations have been undertaken to ascer-
tain the possible effects which the Space Shuttle might introduce.
According to models of the exhaust cloud and the meteorology of the KSCarea,
the Space Shuttle exhaust cloud can lead to a special type of acidic rain.
Depending on atmospheric conditions, the exhaust cloud could (I) entrain
enough water to generate a light rain or mist, (2) encounter rain from a
higher stratum cloud, or spray-blown rain or mist, or (3) be convected into a
rain-generating cloud. The rain or mist precipitated from any of these occur-
rences would be acidic. Modeling of acidic rain potential has resulted in
conclusions that rain acidities of pH less than 1.0 are possible at distances
of up to 20 km (12 miles) from the launchsite under certain meteorological
conditions (see figure 5-7 and table 5-21). This is a worst-case condition
where volumetric average maximumacidity levels for initial rainfall are cen-
tered through the ground cloud. The final acidity is a function of progres-
sive washout of the ground cloud, the diluting effect of subsequent rainfall,
and, for rainwater contacting the ground, the buffering capacity of the soil.
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Table 5-21. Model Estimates of Minimum pH (MaximumAcidity) of Surface Rainwater I_/
Rainfall Rate (centimeters per hour)
m
Distance 0.508 cm 1.27 cm 2.54 cm 3.81 cm 5.08 cm
(ki I ometers)
T S T S T S T S T S
1 2.937 0.515 3.113 0.691 2.137 0.825 2.349 0.905 1.683 1.711
2 0.600 0.232 0.776 0.416 0.900 0.561 0.985 0.649 1.031 0.713
3 0.496 0.268 0.680 0.454 0.823 0.600 0.910 0.689 0.971 0.754
4 0.584 0.358 0.768 0.544 0.912 0.691 0.999 0.780 1.063 0.845
5 0.656 0.429 0.840 0.615 0.984 0.762 1.072 0.852 1.135 0.917
6 0.716 0.488 0.900 0.674 1.045 0.822 1.132 0.911 1.196 0.977
7 0.769 0.539 0.953 0.726 1.098 0.873 1.185 0.963 1.249 1.029
8 0.815 0.584 1.000 0.771 1.144 0.919 1.232 1.008 1.296 1.074
9 0.857 0.625 1.042 0.812 1.187 0.959 1.274 1.050 1.338 1.I15
I0 0.895 0.662 1.080 0.849 1.225 0.997 1.313 1.087 1.377 1.153
12 0.963 0.728 1.148 0.915 1.293 1.063 1.381 1.153 1.445 1.219
14 1.022 0.785 1.207 0.972 1.352 1.120 1.440 1.210 1.504 1.277
16 1.074 0.835 1.259 1.023 1.404 1.171 1.493 1.261 1.557 1.327
18 1.121 0.881 1.306 1.068 1.452 1.216 1.540 1.307 1.604 1.373
20 1.164 0.922 1.349 1.II0 1.495 1.258 1.583 1.349 1.647 1.415
30 1.338 1.089 1.523 1.277 1.669 1.426 1.758 1.517 1.822 1.583
40 1.469 1.215 1.655 1.403 1.801 1.552 1.890 1.644 1.955 1.711
50 1.576 1.317 1.762 1.506 1.909 1.655 1.999 1.747 2.064 1.814
I.
I_/ Due to precipitation scavenging of HCI from Titan III (T) and Space Shuttle (S) ground clouds.
Meteorological inputs were obtained from the 1824Z Rawinsonde on 9 Sept 1975 (Viking B launch).
5.8.1.2 InadvertentWeatherModification. The potentialfor weathermodifi-
cation as a result of individual Space Shuttle launches and the cumulative
effects of up to 40 launches per year have been the subjectof recentstudies
by NASA in cooperationwith the National Oceanic and AtmosphericAdministra-
tion (NOAA),the Naval WeaponsCenter Laboratoryat China Lake, State Univer-
sity of New York, University of Michigan, University of Washington, and
Colorado State University.
Assessments to date have been oriented towards theoretical aspects of the
topic, involving cloud physics, nucleation mechanics, and cloud chemistry
about which confirmeddata are sparse. Instrumentationhas been employed in
laboratorywork, cloud chamber analysis,and airborne in situ data gathering
on Titan launchesat KSC since mid-1977. Attemptshave beenmade to determine
the activity and time duration of ice nuclei and cloud condensationnuclei
resultingfrom solid rocket exhaust. To date, the results of this work have
been inconclusive. Estimateshave been made using currentlyavailablesources
in this field which suggestthat Space Shuttle ground clouds have the poten-
tial to modify local weather patterns for up to 48 hours after lift-off.
Other data indicatethat the number and relativeactivity of the cloud nuclei
decline significantlywithin 3 to 5 hours after launch (referenceI-3). Such
modification could include initiation, intensification,or suppression of
rainfall,dependingon local meteorologicalconditions.
In either case, no large-scaleor long-rangeweathermodificationis foreseen,
but studiesare continuingto define this potentialimpact source more fully.
5.8.2 WEATHER IMPACTSAND MITIGATINGMEASURES.
5.8.2.1 Acidic Rain. The effects of acidic rain are determinedby many fac-
tors, known and unknown, involving the receiving environment. In order to
assess potential effects from acidic rain, KSC has initiated studies of
worst-case conditions. The possible effects of acidic rain on a producing
citrus grove are being studiedby the U.S. Departmentof Agricultureat North
CarolinaState University. A good producing,uniformlymature grove of citrus
was selected on Merritt Island. This test area was subjectedto 4 levels of
simulated acidic rain to determine the immediate and long-term effects on
fruit set, productivity,and abscissionof flowers,leaves,and fruit. Initial
examinationsindicatethat while some permanentdamage may occur where the pH
of rain is 0.5 or less, citrus appears relativelytolerant of pH equal to or
greaterthan l.O and is essentiallyundisturbedby pH equal to or greaterthan
2.0. Table 5-22 presents preliminarydata gatheredin April and May of 1978.
Trees were initiallysprayed (S-l treatment) in early April when fruit was
mature and the trees were in full flower with young foliage. A second set of
trees was sprayed (S-2 treatment)in mid-May, after fruit set, and when many
young leaves had begun to mature. In both treatments(S-l and S-2), there was
a complete loss of flowersand young fruit at a pH of 0.5. At a pH of l.O,
fruit set was about 50 percent of that of the control plantsfor both the S-l
and S-2 treatments. Fruit productionin 1979 reflectedthose 1978 fruit set
data.
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Table 5-22. Effect of HCl Solutions on Leaf Drop and Yield of Valencia
Orange Trees i_/
HCI Solution Leaf Drop (%) Yield (Boxes) 2__/
pH S-I S-2 S-I S-2
7.8 9.2 8.0 4.26 4.57
2.0 12.9 21.0 4.23 4.57
1.0 28.3 42.9 4.32 4.04 (0.16)
0.5 85.4 50.9 0.48 (0.00) 3.96 (0.34)
(LSD P=O.05) 6.3 9.1 0.42 0.49
_/ Plants were treated in early April at flowering (S-I) and after fruit set
(S-2), just prior to harvesting the mature fruit.
2_/ Mature fruit which dropped from the S-l (April) spray was not marketable
at the May 10-15 harvest and was not harvested. Mature fruit which drop-
ped from the S-2 (May) spray was marketable and is shown in parentheses.
Fruit sustaining the 0.5 and 1.0 pH solution was suitable only for juice
processing in both the S-I and S-2 treatments.
A program to monitor rainfall and provide chemical analyses of cations and
anions (positively and negatively charged ions) of major interest has been in-
itiated at KSC. Data collected since July 1977 are being compiled, analyzed,
and computer-logged to provide a baseline of existing rainfall conditions for
as long as can be obtained prior to the first Shuttle launch (references 3-5
and 5-13). During the initial flight phase of the program, a multiple station
network will be used to monitor rainfall in the KSC area to ascertain any
effects attributable to the Space Shuttle launches. Onsite observation of
identified reference stands of vegetation will also be monitored to observe
changes and attempt to identify causes.
Other very localized but possibly longer range effects of acidic rain can be
conjectured. Some impact on soil chemistry from low pH water percolating
through soil is a possibility. Acid might leach certain elements, including
nutrients, from the soil. Acid conditions might also change the chelating
capacity of the soil. Both of these effects, if they occurred, could alter
the ability of the soil to support plant growth. Although these effects are
expected to be minimal and would certainly be highly localized, they deserve
investigation and have been the object of soil chemistry studies conducted by
the University of Central Florida under contract to KSC.
An evaluation of the effect of repeated HCl washouts from SRM exhaust clouds
on five KSC soils was made. Assuming worst-case conditions (including the
case where the washout from all 40 launches in a year fell on the same square
meter of soil), investigators conclude that zinc, sodium, calcium, and mag-
nesium could be leached from the soil. Aluminum, iron, cobalt and lead would
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not be mobilized appreciably. Furthermore, moderate acid concentrations (10-3
molar) significantly reduce the leaching of all elements tested (references
5-13 and 5-14). The neutra.lizing capability of the soils is substantial.
Since the soils are derived from marine deposits, acidic rains should ini-
tially have little effect on the soils because the hydrogen ion will be
rapidly neutralized. Over a period of time and continued application of a
quantity of acidic rain the soils could be expected to change character, and
this could have an effect on the terrestrial ecosystems described in 3.4.2.
However, deposition of HCI is dependent on meteorological influences, so it
would not be anticipated that all of the HCI will be received repeatedly on a
single area. The addition of the chloride ion to soils of the KSC area will
probably not be as evident as the hydrogen ion addition, since the soils are
fairly saline to begin with. The ecosystems are populated with salt-tolerant
plant species and the further addition of the chloride ion will probably not
substantially influence their existence. Ground water in the KSC area is
characterized by a high water table, but water quality is initially poor (see
3.3.2) so that further degradation due to the chloride ion addition will be
insignificant. It would be expected that the hydrogen ion entering the ground
water would be rapidly neutralized as the water moves through calcareous
(acid-consuming) deposits.
An artesian aquifer, the Floridan Aquifer, underlies the KSC area. Recharge
of this aquifer occurs only at specific sites, so the acidic rain would have
to occur in these areas before any effect on the aquifer could be noted. It
is unlikely that the acid rain would influence water quality of the aquifer
since it is at a depth of several hundred feet and is overlaid by calcareous
material. This particular aquifer does have localized high chloride ion
levels because of salt water intrusion along a fault, so further addition of
the chloride ion would not unduly degrade the water quality of this aquifer.
An acidic rain of pH less than 1.0 from the Space Shuttle exhaust cloud will
almost certainly be highly localized and temporary in duration. It is ex-
pected that the effect of acidic rain having such a low pH would be damage to
vegetation, with long-term effects to the soil resulting only after prolonged
exposure to repeated highly acidic rainfall. The variation in meteorologic
conditions at KSC and the number of Shuttle flights make this possibility very
unlikely. Evidence acquired during measurements of Titan exhaust clouds indi-
cates that the hydrogen chloride in the ground cloud will be neutralized by
atmospheric ammonia within a few days. Control of acidic rain in the general
region of the launchsite can be achieved by the proper consideration of mete-
orological conditions at launch. Constraints could be imposed on launch
schedules if warranted. Studies to define and understand this effect area fur-
ther are continuing.
Concern over the potential effects of acid rain is an issue on which extensive
research has been conducted, including the following typical citations for
acid rain literature:
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USDA Forest Service,"Proceedingsof the First InternationalSymposiumon Acid
Precipitationand the Forest Ecosystem",GeneralTechnicalReport NE-23,Upper
Darby, PA, I079 pp., 1976.
Braekke,F. H., "Impactof Acid Precipitationon Forest and FreshwaterEcosys-
tems in Norway," Research Report No. 6, Acid Precipitation- Effects on
Forestsand Fish, Aas, Norway,Ill pp., 1976.
Likens, G. E., "Acid Precipitation: Our Understandingof the Phenomenon,"
Proceedingsof the Conferenceon Emerging EnvironmentalProblems: Acid Pre-
cipitation,EP-I CornellUniversity,EPA 902/9-75-001,1976.
Galloway,J. N. and E. B. Cowling, "Effects of Acid Precipitationon Vegeta-
tion, Soils, and Water - A Proposed PrecipitationNetwork," Air Pollution
ControlAssociationJournal (In press),1979.
Although most work on acid precipitationto date has been done using H2S04,
comparablestudiesusing HCI indicatethat similarpH levels of H2SO4 and HCI
cause about the same injuryto plants,and resultsfrom H2SO4 work may be used
to indicatewhat HCI would do.
Analyses of local soil bufferingcapability,coupled with the testing con-
ducted on producingcitrus groves at KSC, have provided indicationsthat acid
rains, if they occur, are unlikelyto cause measurableeffects on the growth
or productivityof vegetation in the area. The pH of rainfall would have to
be less than l.O_ on a repeated basis, involvingthe same area of land for
noticeable impacts to be generated. The meteorology of the Merritt Island
area and the very low likelihoodof an acid rain event caused by the Space
Shuttle make the probability of repeated doses of acid rain on the same
vegetatedarea extremelysmall.
Furthermore,discussionswith principalinvestigatorsfr_n the U.S. Department
of Agricultureat North Carolina State University and consultationswith the
American Institute of Biological Sciences indicate that the studies of the
effects of HCI gas on plants (see tables 5-11, 5-12, and 5-13) and the high
chloride content naturallyoccurring in the KSC environmentprovide further
evidence that effects of acid rain generatedby the Space Shuttle will prob-
ably be negligible,especiallyon nativespecies.
NASA has establishedan extensive,in-depthmonitoring programto detect and
evaluateany impactsassociatedwith acidic rain when and if it occurs. If it
is determined that levels of acidic rains are significantlyincreasedas a
result of KSC operations,launch schedulescan be altered to avoid incompat-
ible weatherpatterns.
5.8.2.2 InadvertentWeather Modification. A program to perfonn additional
in situ ground cloud sampling is now underway to resolve conflicting data
taken on previous experiments and to draw conclusions about the nucleating
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capabilitiesof the Shuttle ground cloud. Until these data are interpreted,
no final determinationof the potentialfor weathermodificationcan be made.
However, some planning can be accomplishedand, if weather modificationbe-
comes a concern,mitigatingmethodscan be employed.
The program of rainfall monitoring and collection,already underway at KSC
(July 1977 to present) to establisha baseline for analyses of acidic rain,
may provide meaningful ground-based observation for weather modification
studies. In the event that conclusiveevidencecannot be obtained,it may be
possibleto choose launch times which coincide with favorablemeteorological
conditionsand so eliminatethe possibilityof weather modification. Because
there are no firm data on which to make decisions,no mitigatingactions are
plannedat this time.
5.9 ECOLOGY
To enable a comprehensiveassessmentof the collectiveeffects of the poten-
tial environmental impacts on the abiotic and biotic elements and on the
health and welfare of the human populationof KSC and its environs, conclu-
sions based on past experience,computermodels, and ongoingstudiesare pre-
sented here for the known and predictedenvironmentalimpactsfrom presentand
future scheduledKSC operations.
The assessmentcan be most readilyand realisticallyaccomplishedby evaluat-
ing individual activitiesand drawing conclusionson the basis of activity-
oriented impacts. Except for Space Shuttle launches,this approach is valid
for three reasons: (1) many activitiesoccur which are entirely independent
of other operations, (2) facilitiesare widely separatedand dispersed over
56,650 hectares (140,000acres) of land and water, and (3) many of the major
activitiesoccur at infrequentintervals(themaximum rate of 40 STS launches
per year is not expecteduntil 1984 at the earliest).
Since a preponderanceof potential impact-producingevents occur at or near
launch time, analysis is focused on this event and, where predictable,poten-
tial long-termand cumulativeeffectsare identifiedand assessed.
5.9.1 ABIOTIC EFFECTS. The abiotic elements of the environmentare those
nonlivingelements such as air, water, land, chemical elements,weather, and
other physical attributes. The major potential impacts imposed by an STS
launch are expected to affect air quality, and possibly, precipitation;
specifically,exhaust effluent impact from the Space Shuttle launch ground
cloud and acidic rain occurring as a result of unco_non meteorologic
conditions. The potentialfor inadvertentweather modificationhas not been
shown to be substantial enough to measure and no cumulative effects are
expected.
Two factors operate to reduce the cumulative and long-term abiotic effects
which might occur as a result of the pollutantsintroducedinto the environ-
ment duringthe periodicSTS launches. First, the meteorologyof the KSC area
is extremelyvariable,which improvesthe capacityfor atmosphericdispersion;
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and second, KSC contributes less than I0 percent of the overall pollutant
loadingof BrevardCounty (see 3.1.3, 3.2.1, and table 5-7). Consideringthe
meteorology of the area and the periodicityof STS flights, and thus, the
infrequencywith which any one area could be repeatedlyimpactedby the ground
cloud, there is no reason to believe that there will be any long-termor cum-
ulativeeffectsfrom either exhausteffluentsor acidic rain.
If cumulativeeffectswere to occur from the exhausteffluent or, indirectly,
through repeated exposure to acidic rain, abioticelements would be expected
to exhibit measurable changes which would increase in magnitude over time.
Baseline data which are being accumulatedprior to the initiation of STS
activities (see section Ill) could then be used for comparisonsand analyses
with the current information. For this reason, the field monitoring of air
quality, water quality, and precipitationwill be continued into the opera-
tional period.
5.9.2 BIOTIC EFFECTS. A realisticview of launch operationsmust be assumed
with respectto the biota (plantsand animals) and their habitat in the imme-
diate vicinity of any launch complex. Ecologicaldamage is to be expected
within a l,O00-meter(3,300-foot)radius of the launch pad. The level of dam-
age expected for STS launches is consistentwith that experiencedover the
past 12 years of launch activities;searingof vegetationand probable injury
or death to fauna at 200 to 300 meters (656 to 984 feet) within the path of
the flames and interruptionof faunal activitieswithin the l,O00-meterradius
for 2 to lO minutes during launch.
Except for the launch pad vicinity,and those portions of land designatedfor
developmentand construction(see sectionII), no significanteffectson biota
are expectedas a resultof KSC activities.
5.9.2.1 Special Precautionsto Protect the Biota. NASA has institutedmany
procedures,and others are planned,to protectthe KSC biota. To ensure that
biotic elementsof the currentenvironmentwill not be significantlydisturbed
by future activities, NASA has contracted with the University of Central
Florida for a comprehensivedescriptionof the ecologyof the KSC area. Ten
permanent reference stands, four animal trapping grids, and periodic fish
trawls of the waters are providing an extensive data base (reference5-13).
Follow-onmonitoring will be performedto determinewhat changes take place
over a given time period. Correlationwith the field monitoringfor abiotic
elements may enable investigators to assess cause-effects relationships;
changes will be detected and appropriateaction will be taken if adverse
impactsare determinedto have been inducedby KSC activities.
In addition to these actions, executive orders governing construction in
floodplainsand wetlands are fully implementedat KSC. Each project is indi-
vidually assessed and appropriate procedures in accordance with Office of
Management and Budget circular A-95 for notificationto state agencies are
exercisedfor any proposedfloodplainor wetlandsconstruction.
5.9.2.2 Endangeredand ThreatenedSpecies. Largelybecauseof the protection
of habitat afforded by Federal control of lands and waters within the KSC
area, II species of fauna on the U.S. Department of the Interior list of
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Endangered and Threatened Species are found at KSC. Maintaining industrial
and research/development activities in harmony with these elements of the
environment is a constant challenge. Contributing significantly to a better
understanding of the impacts imposed by KSC operations are the baseline
studies performed by the University of Central Florida, and surveys by the
U.S. Fish and Wildlife Service, Merritt Island National Wildlife Refuge; and
the National Park Service, Canaveral National Seashore.
In accordance with the provisions of the National Environmental Policy Act and
the Endangered Species Act, KSC assesses each project for potential impact on
the environment, with special emphasis on endangered and threatened species.
These assessments determine whether consultation with the Department of the
Interior, U.S. Fish and Wildlife Service, is required. Due in part to the
location of critical habitat at KSC and because the potential for impacts
exists for the Florida Manatee and the Dusky Seaside Sparrow, these species
have been the subject of consultations with the Department of the Interior to
ensure that no KSCoperation jeopardizes the continued existence or adversely
modifies the habitat of either.
a. Particular care is given to KSCoperations which take place adjacent
to or within waters which provide habitat for the Florida Manatee
(see appendix C). Barge and marine support operations will operate
at restricted speeds and shallow water operations will be
prohibited. This type of traffic is expected to be about the same
volume as was experienced during the Apollo program. Retrieval
vessels designed for SRBand parachute recovery will be equipped with
propellor guards and recessed steering units to avoid inflicting the
cuts which are the major cause of Florida Manatee deaths.
b. The Dusky Seaside Sparrow (see appendix C), with its critical habitat
located in the St. Johns River basin, will be subjected to the low-
level sonic boom generated by Orbiter reentry and landing. The sonic
boom in that area is expected to resemble the thunderclap which
accompanies a lightning strike, a natural phenomenon very common in
this region. For this reason, no adverse reactions are expected.
However, field monitoring will be attempted in coordination with the
U.S. Fish and Wildlife Service to ensure that no adverse impacts
occur.
c. All executiveorderswith respectto restrictionson constructionin
floodplainsand wetlandswill be compliedwith at KSC.
Based on experienceover many years with similaroperations in the KSC area,
along with a very low probabilityof any new impact from STS activitieswhich
could introduceeffectsof cumulativeor long-termconsequencein the abiotic
areas, no new or significantlong-termor cumulativeimpactsare forecastfor
the biota of the region. Automobile traffic is responsiblefor occasional
road kill of local fauna. Infrequent episodes of ground-level exhaust
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effluent deposition or acidic rainfall might cause minor effects to flora
(abscission of leaf and blossom) but are not expected to affect adversely the
fauna of the impacted area. The low-level boom produced by Orbiter reentry
should be indistinguishable from natural weather phenomena in the area. There
are no indications that endangered or threatened species will be subjected to
stresses which could result in adverse reactions.
5.9.3 HUMANHEALTHAND WELFARE. Work for the space program at KSC entails
operations using toxic substances, explosives, massive machinery and equip-
ment, flammables, corrosives and caustics, and a variety of special processes,
as detailed in appendix D. While many of the activities involve standard
industrial practices, some are highly specialized and represent new or unique
applications or approaches. All operations classified as "hazardous" and
which represent a potential threat to human health and welfare undergo rigor-
ous scrutiny and control by two organizations at KSC; the Safety, Reliability
and Quality Assurance, and Protective Service Office and the Biomedical
Office. Equipment design, procedural controls, training, certification, and
operational safety practices serve to reduce the risks to the work force; the
KSCsafety record is justifiably a matter of pride.
The potential impacts predicted from KSCoperations for the future are similar
to those which have existed for prior programs, with the exception of thermal
protection materials used in the SRB refurbishment and subassembly operation
and an increase in the quantities of some substances already being used.
Controlled access, positive badge-exchange systems, and real-time predictions
for airborne pollutants are tools used to minimize the potential for impact to
human health and welfare. Results from plant exposures to solid rocket fuel
exhaust (see reference 5-3) indicate that no substantial decrease in agricul-
tural plant productivity in the area is expected from atmospheric pollutants
generated by Space Shuttle launches. Nothing in the exhaust is known to be a
potential contaminant to food crops. In view of the geographic isolation of
hazardous operations coupled with predictions showing that exposure limits
established for the specific impacts of concern are not expected to be
exceeded (see 5.2 and 5.5), no significant adverse effects on human health and
welfare are expected. The reentry sonic boom will be experienced by the
general public and advance announcements will help to reduce the startle
effect which might otherwise occur.
In order to assure that no adverse impacts are imposed on the population sur-
rounding KSC, a monitoring program has been established to deploy stations
into areas outside KSC boundaries to perform environmental measurements.
Ambient air quality (with specific emphasis on hydrogen chloride and particu-
late detection), precipitation chemistry, and sonic boom levels will all be
monitored and compared with baseline data now being collected to determine
whether any change attributable to KSC operations is occurring. Based on the
information presented in earlier paragraphs of this section, no significant
impacts to human health or welfare are expected.
5-60
5.10 UNPLANNEDEVENTS
The discussion thus far has focused on impacts from events which occur as a
normal, planned part of KSC operations. An unplanned event, for the purposes
of this document, is defined as any mishap within KSC which has a negative
impact on the environment, disrupts mission scheduling, or imperils human
health or welfare. An unplanned event at KSCwould probably result from human
error or equipment failure. Recognizing these sources, NASA has instituted
measures to forestall such occurrences to the maximumpossible extent. It is
also recognized that despite the regulations and procedures described herein,
unplanned events can occur. The mitigating measures that are available in
specific facilities are described in detail in appendix D and are not repeated
here. Furthermore, the diversity of activities at KSC makes a discussion of
all imaginable unplanned events an impossible task. To provide an understand-
ing of the nature of potential mishaps and the actions which would be taken,
two categories of unplanned events are described, along with examples of
specific actions which might be taken.
5.10.1 POTENTIAL MISHAPS IN DAILY OPERATIONS. The following unplanned
events, although not as serious as "worst-case" occurrences, have a higher
probability of happening because of the statistical frequency of performance
of daily operations.
a. Traffic accidents
b. Facility fires
c. Humancontact with, or inhalation of, a toxic or caustic substance
d. Rupture of a high-pressure line
e. Facility damage or personal injury from heavy lifting and moving
operations
f. Falling objects, elevated workstand hazards
The effects of these events could range from minor, local disruption of activ-
ities to the death of local flora and fauna, destruction of habitat areas, and
the possible loss of human life. No effects are expected to reach beyond KSC
boundaries.
To preclude problems and avoid accidents, KSC provides extensive work force
training and operator certification programs, comprehensive procedural cover-
age for all planned activities, safety and quality control inspections, spill
prevention, control and countermeasure plans, contingency plans, and active
operations monitoring.
5.10.1.1 Safety Precautions. KSCmaintains a Safety Office which constantly
monitors the area for safety violations. This group periodically issues bul-
letins describin9 hitherto unrecognized hazards or observed unsafe practices.
Medical and firefighting personnel and equipment are available on base for
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emergency response. The substances involved in a personal injury or a fire
are made known so that proper action can be taken. In the case of a major
release of toxic vapors, the services of meteorologists are immediately
availableto predict the movement of the effluent so that the affected area
can be cleared. All facilitieswhere an employeecould be injuredby acciden-
tal contact with chemical substancesare equipped with emergencyshowers and
eyewash fountains. Facilities where an explosion or fire could occur are
equippedwith automaticdeluge systems in addition to the standard fire hoses
and fire extinguishers. Facilities which could experience the release of
colorless,odorlessgases are equippedwith detectorswhich sense the danger-
ous condition and alert the area with visible and audible signals. Whenever
hazardousoperationsare required,a safetyzone is establishedin advanceand
noninvolvedpersons are dismissedfrom the area. Such operationsare sched-
uled for periodswhen casual traffic is at its lowest. Finally, all persons
whose duties could require them to encounter a hazardous situation are re-
quired to attend classes and lecturesto acquaintthem with the use of safety
equipmentand the escape routesand proceduresfor a particulararea.
5.10.I.2 HazardousOperationsControls. Specific task-relatedactionswhich
are closelymonitoredand controlledare:
a. Liftin9 Equipment. To lessen the probabilityof lifting equipment
failure, all cranes, derricks, hoists,forklifts, and elevatorsare
periodicallyinspectedand certified.
b. High-PressureLines. Lines used to transferhigh-pressuregases and
liquids are inspectedand certifiedto ensure meeting the applicable
burst, proof, and operatingpressure. In addition,most substances
are deliveredthroughpanelswhich measureand indicatethe pressures
within the lines and containersand permit isolationof malfunction-
ing portionsof the system.
c. Flight Hardware. All flight hardwarecomponentswhich providecriti-
cal functionsare inspected,tested,and monitoredby sensingdevices
from installationto lift-off.
d. Movement of Equipment. Many operations in several locationsat KSC
require the lifting,transporting,and emplacingof equipment. Each
such activity is governed by written procedures and safety require-
ments which are monitored and enforced by supervisory and safety
personnel.
e. Liquid Propellant Handling. The handling of liquid propellants
receives particularlyclose supervision. Not only are the techni-
cians constantly observed, but safety perimeters are installed to
exclude unauthorizedpersonsfrom the danger zone. In the case of
hypergolic fuels, all facilitiesand operationsare designed to iso-
late the fuel handling from the oxidizer handling. Possession of
flammablematerials (matchesor lighters)is forbiddenin restricted
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areas. Inadvertentsmall spillsare immediatelyremovedby equipment
assignedto the area for that purpose. All propellantstorageareas
are prominently identified and the appropriate restrictions are
posted. Wherever incorrect substances could be delivered into a
connection, mechanical design is used to make such an occurrence
impossible.
f. Toxic Fumes. Mixing and loadingoperationscan generateor release
toxic fumes. All chemical mixing areas are equipped with air han-
dlers, fans, and vents to collect, remove, and treat toxic fumes.
Protective clothing and equipment are issued to all operators.
Loading operations take place in the open air so that the leakage
that can occur when lines are connected and disconnected will
dissipateharmlessly.
g. Falling Objects. Hardhat areas are clearly identified and moni-
tored. Personnelworkingon elevatedplatformsare requiredto teth-
er handtools and are forbiddento carry small objects (lunchboxes,
vacuum bottles,etc.) aloft. All open areas and pits are identified
by warningsigns and where possibleprotectedby barriers.
During the 20 years of operations at KSC, there have been minor unplanned
events. These occurrenceswere thoroughly investigatedand measures were
institutedto preventthe repetitionof a similarmishap.
5.10.2 WORST-CASEUNPLANNEDEVENTS. The followingunplannedevents have been
categorizedas "worst-case"possibleoccurrences:
a. Launch pad abort,with explosionand fire
b. Accidental ignitionof SRM propellantsegments
c. Propellantspills or storagetank rupture
d. Ignitionof uncontrolledamountsof hypergolicfuel and oxidizer
e. Orbiter crash in the KSC vicinity
Each of the foregoingevents is describedand resultsare analyzedin the fol-
lowing paragraphs. For additionaldata on flight-relatedfailures,see refer-
ence I-3.
5.10.2.1 Launch Pad Abort_ With Explosionand Fire. The most seriousconse-
quence of an on-pad fire involvingthe entire Space Shuttle vehiclewould be
the releaseof toxic combustionproductsfrom the SRB's. The large heat re-
lease associatedwith the burningof the main engines'propellantswill assist
the cloud of combustionproducts in rising to a high altitude. Although the
quantity of SRB combustionproducts releasedat ground level will exceed that
releasedat or near ground level in a normal launch,the additional heat and
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cloud rise contributedby the main engines' propellants will compensate in
terms of ground-level concentrations of hydrogen chloride and chlorine.
Analyses of on-pad solid propellantfires have shown that even in the absence
of an associatedliquid propellantfire, the public emergencyexposure limits
are not exceededat ground level. The "worst-case"result of an analysisfor
an SRB fire at the KSC launchsite,using weather data for 1969, was performed
by MarshallSpace Flight Center and is given in table 5-23 (referenceI-3).
Table 5-23. Model Predictionsof HCI Concentrationfor an STS Slow Burn l_/
Approx lO-Min
Azimuth Time of Cloud Time -Mean MaximumPeak 2_/ Maximum
Range Bearing Passage Concentration Concentration Dosage
(m) (deg) (sec) (ppm) (ppm) (ppm-sec)
2,000 145.7 210.035 0.000 0.000 0.000
3,000 144.7 214.781 0.002 O.OlO 1.296
4,000 144.8 223.426 0.054 0.249 32.402
5,000 145.4 235.616 0.182 0.794 I09.062
6,000 146.0 250.873 0.312 1.281 187.006
7,000 146.7 268.679 0.404 1.544 242.289
8,000 147.2 288.540 0.451 l.607 270.350
9,000 147.6 310.066 0.464 l.541 278.383
lO,O00 148.0 332.942 0.455 1.411 273.128
II,000 148.4 356.923 0.440 l.258 264.134
12,000 148.8 381.799 O.411 1.107 246.810
13,000 149.1 407.409 0.383 0.970 230.440
14,000 149.4 433.618 0.357 0.850 214.744
15,000 149.7 460.329 0.331 0.747 199.853
16,000 150.1 487.465 0.310 0.660 187.538
17,000 150.3 514.938 0.289 0.586 175.831
18,000 150.6 542.698 0.271 0.523 165.404
20,000 151.0 598.931 0.239 0.424 148.082
22,000 151.4 655.886 0.212 0.350 133.806
24,000 151.7 713.385 0.189 0.294 121.980
26,000 152.0 771.323 0.170 0.250 I12.376
l_!NASA/MSFCMultilayerDiffusionModel, using meteorologyfrom 7:00 p.m.,
5 Mar 1969
2_/The largestvalue of hydrogenchloride (HCI)found for any of the cases
was 1.6 parts per million (ppm).
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Explosions on the launch pad might achieve significant blast effects under
special circumstances. Such circumstances would be those that lead to sudden
rupture of the ET. Toppling of the Space Shuttle or some gross structural
failure of the ET or its supports might represent such events. In such a
worst-case situation, the maximum explosive yield involving the ET and the
SRB's would be approximately the equivalent of 453,600 kg (I,000,000 Ib) of
trinitrotoluene. The distances to which various adverse effects could be
expected are as follows.
Threshold Blast Wave Distance From
Effect Pressure_ N/cm2 (psi) Launch Pad_ m (ft)
Glass breakage 0.34 (0.5) 2,100 (7,000)
Penetrating missiles 1.4 (2) 820 (2,700)
Eardrum rupture 3.4 (5) 500 (1,600)
Lung injury 6.9 (I0) 300 (I,000)
Lethal 21 (30) 160 (540)
Immediately prior to launch, all support personnel are evacuated from the
launch pad. Consequently, no injuries other than to the occupants of the
Orbiter are anticipated, even for this worst-case event.
5.10.2.2 Accidental Ignition of SRMPropellant Segments. It is extremely un-
likely that a Space Shuttle SRMcasting segment would be accidentally ignited
during SRMprocessing, handling, or transportation operations. However, emis-
sions from the occurrence of such an event have been predicted (reference
I-8). The total emissions are as follows.
Segment Amount_ k9
Species Forward Center Aft
A1uminium oxide 38,700 35,300 34,600
Carbon monoxide 33,400 30,500 29,900
Hydrogen chl ori de 23,1 O0 21,000 20,700
Water 12,200 II ,I00 10,900
Ni t rogen 11,800 1O,800 1O,600
Chiori ne 4,900 4,500 4,400
Carbon dioxi de 3,800 3,500 3,400
Hydrogen 2,600 2,400 2,300
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Afterburningeffectswould significantlyreducethe carbon monoxideconcentra-
tion and modify the partitioningof hydrogenchlorideand chlorineto some ex-
tent. Nitrogen oxides could be formed, but the total amount would be small
comparedto other constituents.
The followingtable presents,for the most unfavorablemeteorologicalcondi-
tion investigated,the predictedpeak ground-levelconcentrationsand dosages
of hydrogenchloride,chlorine,and aluminumoxide resultingfrom ignitionand
burningof a single SRM segment(referenceI-8).
Peak concentration:
Hydrogenchloride 14.0 ppm
Chlorine 1.6 ppm
Aluminum oxide 31.0 mg/m3
Maximum integrateddose:
Hydrogenchloride 2040 ppm-sec
Chlorine 228 ppm-sec
Aluminumoxide 75 mg/m3-min
When comparedwith the criteria listed in table 5-8, the predictedvalue for
hydrogen chloride does not exceed the criterionfor emergencyor accidental
exposures. Also, the maximum24-houraveragealuminumoxide concentrationex-
pected is 0.052 mg/m3 and does not exceed the 24-houraverageparticulatecon-
centrationcriteria of 0.26 mg/m3 (primarystandard)or 0.15 mg/m3 (secondary
standard).
The extent of damageto the environmentwould depend on where or when ignition
occurred. A worst-case examplewould be ignition of a three-segmentstack,
nozzle unplugged, on the Mobile Launcher Platform in the Vehicle Assembly
Building (VAB_. Although this event is extremely unlikely (probabilityless
than l in lOD as stated in reference5-15), an analysis of the consequences
has been performed (reference5-16) and the following impacts could be ex-
pected.
The three-segmentstack would burn for a total of 765 seconds. A hostile
environmentwould exist in the entire VAB within 5 to lO seconds after full
ignition. Survivalof personnelcloser than 30 meters (lO0 feet) is doubtful.
The ground-reflectedplume from the burning SRM segments would exit through
the open high bay doors and travel into the surroundingareas. If the burning
segments remainedin a verticalattitude,the VAB primarystructurewould sur-
vive. If the segmentsfell or became propulsive,structuraldamage could be
severe. The flora and fauna in areas close to the VAB [lO0 to 150 meters (350
to 500 feet)] could be subjectedto extreme thermal and chemical impacts and
would probablybe destroyed.
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The cloud produced by the exhaust from the burning three-segmentstack would
be expected to rise due to thermalbouyancy and remain at the top levels of
the VAB. Calculationsindicate that, for this case, the cloud would not
descendbelow If6 meters (380 feet) above the floor but would exit throughthe
open high bay doors and roof vents and disperse into the atmosphere. Using
worst-case meteorologic parameters,the cloud could result in the maximum
ground-levelconcentrationsand down-rangedistancesshown in figure 5-8.
These levels could exceed the emergency public exposure limits and action
would be requiredto ensurethat, in the event of such an accident,roadblocks
were establishedand personnelevacuatedalong the path of the cloud. Real-
time meteorologicdata and recourseto the MSFC REED computer model would en-
able KSC safety, security,and medical personnelto be immediatelydispatched
to initiate appropriatemeasures. No effect beyond KSC boundaries is ex-
pected,even for this worst-casecondition.
Extensive precautionshave been taken at KSC to avoid accidentalignitionof
an SRM segment. The three-segmentworst-caseexampleanalyzedabove is an ex-
tremely remote possiblityand does not pose a realisticallycredible poten-
tial. No accidentalignitionof SRM's has ever occurredat KSC.
5.10.2.3 PropellantSpills or Storage Tank Rupture. Potentiallyhazardous
fluids handled in connection with the space program are: liquid hydrogen,
liquid oxygen, liquid nitrogen,monomethylhydrazine,hydrazine, and nitrogen
tetroxide. Other fluids such as hydraulicfluids and conventionalhydrocarbon
fuels used in the Space Shuttle carrier aircraft either presenta much lower
hazard or are handledin quantitiestoo small to be of major consequence.
Liquid hydrogen is extremelyflammable;hydrazineand monomethylhydrazineare
flammable and toxic; nitrogen tetroxide is toxic and, under certain condi-
tions, can cause spontaneousignitionof combustibles;and liquid oxygen and
liquid nitrogenare cryogens.
a. Liquid Oxygen and Liquid Nitrogen Spills. Liquid oxygen is used both
on ELV's and on the STS as one of the engine propellants. Liquid
nitrogen is used as a refrigerant and as a source of gaseous nitrogen
for pressurization and control. The largest launchsite storage
capacity at KSC is 3,406 kiloliters (900,000 gallons) of liquid oxygen
and 1,892 kiloliters (500,000 gallons) of liquid nitrogen.
If spilledin large quantities,either liquid oxygen or liquid nitro-
gen could cause local damage because of the intense cold, 90 and 77
Kelvin (-297 and -320 degrees Fahrenheit),respectively. Liquid
oxygen, if mixed with finely divided combustible material, forms
explosive mixtures. The gaseous oxygen evaporatingfrom the liquid
oxygen will also intensifyany pre-existingfire. The gaseousnitro-
gen evaporatingfrom a liquid nitrogen spill is inert, but in high
.concentrationsit is an asphyxiant. Industrialstandardsprohibitas-
phyxiant concentrationsthat reduce the oxygen concentrationbelow 18
percent.This would correspondto the 17-percentadditionof nitrogen
to air.
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Both liquid oxygen and liquid nitrogen are commercial materials han-
dled in vast quantities but spills are not frequent. There have been
no reports of lasting environmental damage caused by such spills or of
damagebeyond the small localized areas involved in the spills. There
is no indication that even the largest possible spill at the launch-
site would endanger the public or the ecology of any area except in
the immediatevicinityof the spill.
b. Monomethylhydrazine_ H_,drazine_ and Nitrogen Tetroxide Spills. Han-
dling of monomethylhydrazine (MMH), hydrazine, and nitrogen tetroxide
is recognized as a hazardous operation because of their toxicity and
spontaneous flammability when mixed. For a workroom environment, the
1978 American Conference of Governmental Industrial Hygienists (ACGIH)
threshold limit values for FfIH, hydrazine, and nitrogen tetroxide as
nitrogen dioxide are 0.2, 0.I, and 5.0 ppm, respectively. Extreme
precautions are taken, and quarterly personnel qualification/certifi-
cation training on the handling of spills and pertinent safety prac-
tices are stressed. The actual fluids are used in these training
classes.
The maximum stored quantities of nitrogen tetroxide and MMHat the
Space Shuttle launch pad are about 32,550 liters (8,600 gallons) each,
which is substantially less (by almost one-half) than the quantity
used in a single Titan III launch. Only small quantities of hydrazine
are used; less than 675 kg (1,500 pounds) per launch.
The potential consequences of spills of MMHor hydrazine and nitrogen
tetroxide have been described in other environmental statements (e.g.,
references I-2, I-3, I-4, I-I0, and l-ll). Spills at the launchsite
have been shown to offer no significant hazard beyond the site bound-
aries. Within the site boundaries, provisions have been made to con-
tain the spilled liquids and dispose of them in an environmentally ac-
ceptable manner: by incineration, applicable treatment, or controlled
dilution and release.
c. Liquid Hydrogen Spills. The liquid hydrogen storage tank at the KSC
Space Shuttle launch pad has a capacity of 3,217 kiloliters (850,000
gallons). A total of 1,450 kiloliters (383,000 gallons) will be load-
ed into the ET for each Space Shuttle launch.
Spills of liquid hydrogen present an extreme fire hazard and under
certain circumstances may also present an explosion hazard. In these
respects, liquid hydrogen differs in degree but not in kind from the
hazards associated with common commercial products such as propane.
On a volumetric basis, the heat released by liquid hydrogen is less
than that released, for exalnple, by propane or gasoline. Liquid hy-
drogen spills could ignite either immediately or at some later time.
Ignition immediately following the spill will cause a flash as the in-
ventory of gaseous hydrogen is burned, followed by burning above the
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pool of evaporatingliquid. As in any large fire of a volatile liq-
uid, destructionin the involved area will be considerable. In terms
of environmentaleffects,the major featureof such a large fire would
be the thermal radiation. With normal atmospheric humidity, the
thermal radiationfrom the flash (which could last for 30 seconds) is
estimatedto be about 2 calories per square centimeterat a distance
of about 300 meters (950 feet) for a 3,200-kiloliter(850,O00-gallon)
spill. The approximatethreshold limit value to cause first-degree
burns to exposed skin is 2 calories per square centimeter;it is also
the approximatethresholdvalue for ignitionof paper and other light
combustibles. The radiationfrom the burningpool is estimatedto be
less by a factor of about 5 than the flash radiation.
If the spilled liquid hydrogen evaporateswithout burning, the cloud
of gaseoushydrogenmay be carrieddownwindand ignitedat some down-
wind position. The greatestdistanceat which ignitioncan occur will
depend on meteorologicalconditionswhich governthe dispersionof the
cloud. The high molecular diffusivityof hydrogen will augment the
meteorologicaldispersion. Once the highestconcentrationof hydrogen
in the cloud reachesthe lower flammablelimit (the lowest concentra-
tion which is flammable),ignition and burning can no longer occur.
Any processthat is sufficientlyviolentto cause accidentalrapid re-
lease of large quantities of liquid hydrogen would be expected to
cause some spark, hot spot, or damage to nearby power devices which
would ignite the hydrogenimmediately. Gaseoushydrogenhas the low-
est ignition energy requirementof any fuel which does not ignite
spontaneously.
Mixtures of hydrogen and air near the chemicallycorrect proportions
can explode or detonate. However, for unconfinedhydrogen and air
mixtures, ordinary ignitionsourcesdo not cause detonation. Because
immediate ignition is expected for a large, rapid spill and because
detonation may not be caused by ignition by ordinary sources, deto-
nation of the hydrogen/aircloud is not considereda credibleevent.
In summary, if a large hydrogen spill should ignite,extensivedamage
to a localizedarea would result,includingdeath or serious injuryto
persons within that area. However, environmentaldamage outside that
area would be negligible. The rapid spilling of large quantitiesof
liquid hydrogen without immediate ignition is improbablebecause an
extremely violent event would be required to initiate the process.
Although spontaneous catastrophic failures of large tanks have
occurred (e.g.,the molassestank in Boston and the liquefiednatural
gas tank in Cleveland),the causes of these failures are now under-
stood and avoided through improvementsin design, inspection tech-
niques,and metallurgy.
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5.10.2.4 Ignitionof UncontrolledAmounts of HypergolicFuel and Oxidizer.
Accidental ignition of hypergolicfuel and oxidizer would probably have its
most severe effect in the Hypergol MaintenanceFacility (HMF) for the Space
Shuttlebecause of the amounts of these substancesthat will periodicallybe
present there. When the hypergol modules arrive at the F_IFfor processing,
residualfuel (monomethylhydrazine)and oxidizer(nitrogentetroxide)could be
present in the followingmaximumamounts:
Fuel Oxidizer
Component Kilograms Pounds Kilo_rams Pounds
OMS (each pod) 222 490 369 813
ARCS 209 460 347 765
FRCS 376 830 626 l,380
PBK 667 l,470 l,I06 2,439
A worst-case event would be the release, from any cause, of uncontrolled
amounts of fuel and oxidizerat the same time. The ensuingflame and effluent
could damage or destroy the facility,cause environmentaldamage to a sur-
rounding area (as governedby prevailingwind direction,velocity,etc.), and
cause loss of life to involvedpersonnel. Reactionto such an event would in-
clude immediate activation of the deluge system, together with firefighting
personnel and rescue operations by Self-Contained Atmospheric Protective
Ensemble (SCAPE)-suited personnel either present or summoned to the scene.
The deluge system will direct large quantitiesof water to all parts of the
cell to dilute the fuels and extinguish the flames. Two factors make the
occurrenceof such a catastrophevery unlikely:(1) regulationswhich prohibit
more than one hazardousoperationat a time in any one cell (thus reducingthe
chance for human error), and (2) KSC/NASA regulationswhich mandate periodic
inspectionand recertificationof all liftingdevices and of all installation
and access structures (makingequipment failure unlikely). Damage would be
confinedto the immediatevicinityof the event.
If, during the transportationof a module to or from the HMF, an accident
occurred causing the rupture of one or both tanks containingfuel and oxi-
dizer, releaseof toxic fumes and fire could take place in an open-air,uncon-
trolled environment. Fire, rescue,and safety personnelaccompanyingthe con-
voy would take immediateaction to flood the area with water and to obtain
real-time predictionsof downwind concentrationsand transportdirection of
the pollutants. Personnelwithin the predictedhazardouszones would be evac-
uated until a sweep of the area, using detectorsfor hazardous substances,
confirmedacceptablelevelshave been reached. Such an event could cause dam-
age or death to local flora and fauna within the path of the resultantcloud,
dependingon its concentrationand the speed of its passage. However,because
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transportationoperations take place well within the confines of KSC [the
nearestpopulationarea is 12 kilometers(7.5miles) to the south],all pollu-
tants are expected to be sufficientlydiffused to prevent any hazard beyond
the boundaries of KSC. The occurrence of an accident of this kind is ex-
tremelyunlikelyand has never been experiencedat KSC.
5.10.2.5 Orbiter Crash in the KSC Vicinity. The worst-caseunplanned event
at landingwould be an Orbitercrash or runway overshootresultingin a crash
landing. Should the Orbitercrash,the consequenceswould be similarto those
of any large aircraft crash, except that the explosivefire which frequently
followsthe crash of conventionalaircraftwould not occur.
Because the Orbiter will contain only minimal quantitiesof propellants,any
postcrashfire will be more confined,less intense, and of shorter duration
than fire accompanyingthe crash of conventionalaircraft.
The maximumestimated onboardquantitiesfor a normal landingsequence are asfollows:
Material MaximumOnboardResidual
Kilograms Pounds
Nitrogentetroxide 2,816.8 6,210.0
Monomethylhydrazine l,696.5 3,740.0
Liquid oxygen 147.2 324.5
Ammonia 30.2 66.6
Liquid hydrogen 12.3 27.2
In conventionalaircraft operations,which should closely resemble Orbiter
atmosphericflight operations,the most probable locationof a crash on land-
ing is near or on the runway. The initialOrbiter landingswill be made at
EdwardsAir Force Base in California. Followingthe fourth flight, landings
will be made at the Shuttle Landing Facility (SLF), which is well within KSC
boundaries. At both locations, trained crews and fire/rescue equipment will
be on standby at the runway for emergency operations, if required. Personnel
in SCAPE suits with portable detection equipment can evaluate any downwind
hazards due to ruptured tanks containing residual toxic propellants. Damage
to the environment would be localized and minimal, with no threat whatsoever
expected beyond the confines of KSC. Operational meteorological information
will be used for visitor/observer controls to assure that no downwind areas at
the runway are occupied during landing operations. No significant environ-
mental impact is expected to result from normal landings.
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SECTIONVI
ALTERNATIVES
6.1 INTRODUCTION
The Kennedy Space Center has been evolving since late 1962 when NASA began
acquiring title to lands which now cemprise the Merritt Island Launch Area.
During the period from conception to the present, compromises among technol-
ogy, performance, reliability, time, cost, and environmental consequences have
been made. While the institutional base is essentially complete and program-
matic decisions for major aspects of the Space Transportation System (STS) and
expendable launch vehicles have been reached, environmental issues continue to
be evaluated. As a result, modifications are being made to improve designs
and operations as new data and technology dictate. An evaluation of the use
of STS versus the continued use of expendable launch vehicles is contained in
reference I-3 and is not repeated in this document. However, within the frame-
work of these programs at KSC, decisions remain to be made; the major alter-
natives for these remainingdecisions are presented herein.
6.2 THE "NO-ACTION"ALTERNATIVE
Continued use of KSC for launch operations represents a cost-effective and
flexible method of conducting space activities which will benefit people and
the environment. NASAis committed to continue to develop and operate the
STS. In view of the extensive facility investment and program commitment at
the national level, consideration of a "No-Action" alternative at KSC is not
appropriate.
6.3 ALTERNATIVESAWAITINGFINAL DECISION
The following subparagraphs outline alternatives for projects which are cur-
rently being considered at KSC. Decision criteria for these projects include
operational and mission goals, cost, technical difficulty, environmental im-
pact, schedule, and availability of existing facilities and equipment.
6.3.1 RECOVERYOF FREON113. Recovery of Freon 113 is a proven concept con-
tributing to the reduction of emissions to the atmosphere and suspected ozone
depletion. Significant reductions in the loss rate of Freon 113 during clean-
ing operations at the launchsite are achieved by using closed-loop systems and
recovery techniques to purify and reuse contaminated Freon 113. The launch-
site cleaning laboratory uses Freon 113 to clean components removed from pro-
pellant handling systems at the launch pad. A system vahich can reclaim up to
approximately 296 kg (653 Ib) per hour of the Freon 113 used in cleaning oper-
ations is presently in use. Laboratory studies indicate that nitrogen may be
an acceptable substitute for Freon 113 for cleaning propulsion systBn com-
ponents. If the use of nitrogen under actual operational conditions proves to
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be unacceptable, plans have been made to increase the recovery of Freon 113
vapor. A new facility will be equipped to recover up to 592 kilograms (1306
pounds) per hour of Freon 113 vapors.
6.3.2 CHEMICALWASTEDISPOSAL. As discussed in 2.5.5, the various chemical
wastes generated at KSC require various methods of disposal to meet environ-
mental regulations. One alternative would be construction of a reverse os-
mosis facility wherein all contaminated waste would be processed to remove 90
percent of the contaminants. A follow-on process could then result in removal
of all but 1 percent of the contaminants. The contaminated sludge would then
be identified, containerized, and removed by an offsite contractor for ulti-
mate disposal. Another alternative envisions the use of a biological waste
system (hyacinth ponds) to extract selected wastes for subsequent removal to
standard sanitary landfill. All of these options are being considered, and a
full environmental assessment will be completed prior to selection of the pre-
ferred modes for future chemical waste disposal.
6.3.3 SOLID ROCKETMOTORSTORAGE. Under certain circumstances of temporary
halt to Space Shuttle flight schedules, it could become necessary to store up
to 40 solid rocket motors until flights were resumed. One alternative would
be construction of a long-term storage area within KSC for storage of the
SRM's. Another alternative would entail negotiations with the vendor for such
storage under the vendor's jurisdiction. A full environmental assessment
will be completed prior to selection of a preferred alternative.
6.3.4 ORBITERLANDINGAPPROACHES.Present plans for Orbiter landings at KSC
call for a west-to-east approach terminating with a north-to-south or south-
-to-north landing pattern. Sonic boom effects will occur over popu- lated
areas under these conditions. Although expected overpressures will be low,
feasibility of other landing patterns which would direct the highest over-
pressures of the reentry sonic boom to overwater (ocean) areas is being
studied and may provide an alternative. Navigational computer software and
flight regime limits would require significant change to make this alternative
possible. Consequently, an early decision to change the current baseline is
not expected. Instrumentation will be emplaced at Dryden Flight Research
Center, California, to monitor the first two landings of the Space Shuttle,
and a decision will be made based on the findings from those flights.
6.3.5 HYPERGOLICFUEL STORAGEAT KSC. In order to avoid flight schedule
delays, it may become necessary to provide storage facilities for up to one
million pounds of hypergolic fuel (MMH) within the confines of KSC. Two
alternatives are being considered: (I) long-term storage of approximately
124,740 kilograms (275,000 pounds) in five railroad tank cars, 34,000 kilo-
grams (75,000 pounds) in two mobile tankers, and 204,100 kilograms (450,000
pounds) in three former fuel tanks at CCAFSand (2) use of alternative (I) on
a temporary basis until an unused liquid oxygen tank at LC-37 can be refur-
bished to accommodate the NIgHexpected to be present in late 1979 [total ca-
pacity of the refurbished tank will be 506,600 kilograms (1,116,900 pounds)].
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An environmental assessment is now being prepared for these options. Either
alternative will employ safeguards and environmentally compatible practices
consistent with past and current experiences. The best state-of-the-art
technology will be used to minimize hazards to personnel and the environment.
6.3.6 SOURCESOF ENERGY. As detailed in 2.5.2.3, electrical energy for KSC
is generated off-site by the Florida Power and Light Company. This electrical
power is supplemented and backed up by on-site diesel-fueled generators. Al-
ternative sources of power such as coal, solar energy, self-sufficient diesel-
fueled power plants, and nuclear generators have been investigated. Limited
use of solar power for heating water is now being implemented, and other prom-
ising areas will be investigated as new technology becomes available.
6.3.7 OFF-SITE TRANSPORTATIONMODES. Materials and consumables are delivered
to KSCby air, rail, highway, water, and pipelines. Investigations are being
made on a continuing basis to evaluate the best mode of transportation for
specific substances in terms of safety, environmental protection, and cost.
Because transportation of goods is expected to be substantial over the 12-year
projected life of the STS program, trade studies will continue to be made and
alternatives will be selected to make maximumuse of best available transpor-
tation technology within the limits of interstate commerce laws.
6-3
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SECTIONVll
POTENTIALUNAVOIDABLEADVERSEENVIRONMENTALEFFECTS
7.1 INTRODUCTION
This section identifies six phenomena associated with KSC operations. Each
of these reactions has the potential for a degree of adverse environmental
impact. The causes and possible effects are discussed in the areas of the
launch ground cloud, acid rain, inadvertent weather modification, launch
noise, reentry sonic boom, and land use.
7.2 LAUNCHGROUNDCLOUD
The exhaust products from the SRBfor the Space Shuttle include hydrogen chlo-
ride, nitrogen oxides, chlorine, carbon monoxide, and aluminum oxide. The hot
exhaust cloud will rise quickly to altitudes ranging from 0.7 to 3 km (0.4 to
1.8 miles) and then drift and disperse with the prevailing wind at that alti-
tude. The result is expected to be a temporary and localized degradation of
air quality at altitudes through which the cloud passes. Surface concentra-
tions of the exhaust products are not expected to exceed the allowable limits
for human beings, wildlife, or plants. Under unusual atmospheric conditions,
the cloud might be trapped in an inversion layer, which could prevent it from
dispersing rapidly.
Meteorological conditions for the launch will be selected to mitigate the
potential surface effects, consistent with mission requirements and astronaut
safety. In addition, a long-term monitoring program of the launch areas will
be maintained to verify the expected absence of ecological effects.
As in the past, airspace near the launch operations area will be controlled
for appropriate periods before and after a launch to exclude aircraft flying
at low altitudes.
7.3 ACID RAIN
Although it is unlikely that a launch will occur during a rainstorm, raindrops
which fall through the exhaust cloud could absorb hydrogen chloride and pro-
duce acidic rain. The acidity is highest at the beginning of rainfall through
the cloud and less as hydrogen chloride is washed out of the cloud.
Near the launch area, the initial rain acidity can correspond to pH values
near 1.0, which might damage vegetation. Outside the launch area, the initial
rain is less acidic and damage to vegetation is less likely. In any case, the
effect is expected to be highly localized and temporary. Meteorological
conditions can be monitored and constraints may be imposed on the launch to
minimize acidic rain effects.
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7.4 WEATHERMODIFICATIONS
It is not possible to predict what effects, if any, the Shuttle exhaust cloud
might have on the weather. Insufficient information is available to evaluate
completely this potential effect, but any effect which does occur is expected
to be limited in size and duration. Monitoring equipment will be used on the
first few launches to learn more about STS effects, and research is continuing
in this area. Appropriate meteorological conditions for launch would be
selected should further studies indicate the possibility of any significant
effects.
7.5 LAUNCHNOISE
A Space Shuttle launch will subject large areas to moderate sound levels of
predominantly low frequencies for 1 to 2 minutes. At launch, the peak
A-weighted sound pressure level at the nearest-to-pad boundary at KSC is ex-
pected to be about 80 dBA. The peak level at the KSC viewing stand will be
about 95 dBA.
During Shuttle main engine tests, the peak A-weighted sound pressure levels to
which the public might be exposed are about 85 dBA. Only one such test, the
Flight Readiness Firing for the first Shuttle Orbiter, is planned for KSC.
The 24-hour sound levels to which the public would be exposed for launches are
all less than the EPA daytime guideline value of 70 dBA. Consequently, no
effects on the health of human beings are expected from this noise. Similar-
ly, only temporary and localized effects on wildlife are expected. The low
frequency sound may briefly rattle windows in structures near the launch area.
7.6 SONICBOOM
Sonic boom will be produced during both launch and reentry. The launch boom
will be about 300 Newtons per square meter (N/m2), equivalent to 6 pounds per
square foot (psf), over a wide area of the ocean, with a narrow region a few
hundred meters wide where the boom will be focused to levels that may reach
1500 N/m2 (30 psf). The reentry boom from the Orbiter could reach a maximum
predicted value of I01N/m 2 (2.1 psf) within 44 kilometers (24 nautical miles)
of the launch site.
The launch boom will be larger than the Orbiter's reentry boom partly because
the launch vehicle and its exhaust plume will be physically larger than the
Orbiter. The launch boom will occur entirely over the Atlantic Ocean for
launches at KSC and will not produce any significant environmental impact.
Reentry sonic boom is expected to occur over populated areas of Central
Florida including portions of the following counties: Citrus, Hernando,
Highland, Pasco, Pinellas, Hillsborough, Manatee, Sarasota, Hardee, Polk,
Sumter, Lake, Orange, Seminole, Osceola, Volusia, and Brevard as shown in
figure 5-2. The low intensity of these booms, a predicted maximumof I01N/m 2
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(2.1 psf), is not expectedto produce any effect other than a slight startle
reaction in about half of the peoplewho hear the boom. The relativelylong
durationof the pressurewave associatedwith sonic booms may rattlewindows.
Announcementof expected occurrenceof the boom should mitigate much of the
"surprise" reaction for the general public. Sonic boom may occur over the
habitat of the Dusky SeasideSparrow, an endangeredspecies, but due to the
low level and infrequentoccurrence,no adverse impact is expected. Formal
consultationhas been completedwith the Departmentof the Interiorunder the
provisionsof section7 of the EndangeredSpeciesAct.
7.7 LAND USE
As a result of existing and proposed new construction,390 hectares (962
acres) of land will be permanentlyremovedfrom other uses at KSC. This is
consistentwith present KSC, local, and State land-use plans and presentsno
new or unusual use classification. In addition, the periodic closing of
PlayalindaBeach will be requiredfor public safety and operationalsecurity.
NASA and the National Park Service will cooperateto reduce restrictionsto
the extent possibleas experienceindicatesthe suitabilityof such action.
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SECTIONVlll
RELATIONSHIPSBETWEENTHE SHORT-TERMUSESANDTHE LONG-
TERMMAINTENANCEANDENHANCEMENTOF THE ENVIRONMENT
8.1 INTRODUCTION
This section describes the short-term effects on the environment induced by
KSCoperations and enumerates the long-term advantages which will accrue as a
result.
8.2 RELATIONSHIPS
Commensurate with provisions of the National Aeronautics and Space Act of
1958, the construction and operation of KSC facilities have brought about a
long-term commitment of the KSC site for the launch and recovery of space
vehicles. Although only a few thousand hectares are directly involved in
active operational use, the large land and water areas comprising the Center
are needed as a buffer to ensure the safety of citizens in population centers
around KSC, as well as to provide security zones and physical separation of
hazardous activities requiring distance between them to prevent mishaps.
As experience has been gained with the fuels and oxidizers used for space
exploration, and as reliability has improved over the years, a significant
portion of the KSC site has been made available to the National Park Service
(NPS) and the U.S. Fish and Wildlife Service (FWS) for the long-term mainte-
nance and enhancement of the environmental resources in the area. The NPS
manages a portion of the Canaveral National Seashore (CNS) properties and the
FWSmanages the remainder of the CNSand the Merritt Island National Wildlife
Refuge for various wildlife programs.
8.3 SHORT-TERMUSES
Since the beginning of the space program in the late 1950's, all U.S. space
missions have been performed using a family of expendable launch vehicles
(e.g., Saturn, Titan, Atlas, Delta, and Scout). By the early 1980's, however,
nearly all expendable launch vehicle missions will be replaced by Space Trans-
portation System (STS) missions. The short-term effects on the environment of
the Space Shuttle launches, as with the expendable launch vehicles, will be
localized and will produce a relatively short duration of air and noise pol-
lution. There are no substantive changes in land use, and no significant
differences in operations at KSC beyond those encountered with expendable
vehicles, with the exception of the Orbiter landing after deorbit. This ad-
ditional activity will result in a low-intensity sonic boom of very short
duration, and no adverse effects are expected. On the other hand, the STS
will provide a great potential for maintaining and enhancing man's and
nature's environment on Earth. The following paragraphs discuss direct and
indirect environmental benfits that will result from STS operations at KSC.
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8.4 LONG-TERMMAINTENANCEAND ENHANCEMENTOF THE ENVIRONMENT
The STS will provide for the delivery to space and subsequent use of three
classes of payloads: (I) Earth observation equipment positioned in the cargo
bay of the Space Shuttle Orbiter, (2) autonomous satellites, and (3) space
laboratories (e.g., Spacelab). These payloads, expected to be launched in the
1980's, will provide capabilities that will allow monitoring, management, and
enhancement of the Earth's environment. Approximately 15 percent of all STS
payloads are expected to offer direct environmental benefits. Examples of
these benefits are discussed below.
8.4.1 LANDUSEAND LANDMAPPING. Benefits in this area include the prepara-
tion of current maps prepared in a matter of days compared to the months or
even years previously required, a supply of data for comprehensive regional
land-utilization planning, and development of thematic maps (e.g., previously
unknown features in Antarctica have been identified, including a group of
mountains in Southern Victoria Land and at the heart of Lambert Glacier).
8.4.2 BIOLOGICALRESOURCEMANAGEMENT.Earth observation satellites will also
aid in the management of biological resources. Accurate surveys of timberland
have been difficult, if not impossible, to achieve because most forests are
located in remote areas. Observation from space allows instantaneous identi-
fication of timber types, disease, yield, and the existence of forest fires.
Agricultural crop data around the world can be unreliable and sometimes non-
existent. Space crews, working with remote sensing equipment, can identify
crops and acreage, discern the vigor of the crop, identify diseases or pests,
and estimate the yield per acre. Many diseases can be spotted before the
farmer even knows that he has a problem. In a world where hunger and malnu-
trition continue to be problems, such information becomes extremely vital.
Earth observations from space may allow improved management of fishing re-
sources. By observing favorable habitat locations, fishing experts may be
able to predict fish movement throughout the Earth's waters.
8.4.3 MINERAL RESOURCEMANAGEMENT.Geologists studing photographs of the
Earth from space have found clues to the locations of new oil fields. From a
space vantage point, promising sites for new petroleum, geothermal, and
mineral deposits may be identified and on-site exploration guided.
8.4.4 WATERRESOURCEMANAGEMENT.Earth observation satellites will allow the
management of water resources in areas ecologically sensitive to water levels.
From space, water patterns can be identified, the development of watersheds
can be predicted, floods can be forecast, and crops and property can be
protected.
8.4.5 POLLUTIONMONITORING. Earth observation satellites launched by the
Space Shuttle can survey strip mining activities, track air, water, and ther-
mal pollution and identify its source, monitor air quality, monitor the
stratospheric ozone layer, and locate oil slicks on the ocean's surface. A
pollution-mapping satellite can cover the entire United States in about 400
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photographs;camerascarriedin high-altitudeaircraftwould use about 500,000
frames to cover the same area. It would take years to monitor by aircraft
what can be monitored from space in a few days. In congestedurban areas,
pollution levels can be accuratelypredictedfrom space by monitoring local
weather patternsand pollutionsources.
8.4.6 WEATHER OBSERVATIONSAND FORECASTS. Weather affects the welfare of
every person on Earth, e.g., food supplies,travel, and recreation. Weather
satellitescurrentlyallow advanceplanningand improveone's understandingof
the weather environment. In the 1980's, advancedweather satelliteslaunched
by the Space Shuttlewill improvethe quality of weatherforecasts. Improved
disaster warning systems will also monitor hurricane,typhoon, tornado, and
icebergactivity. These satellitesystemswill continueto provide the cor-
nerstone of severe storm warnings. Warnings will allow ample time for the
populaceto prepare for emergenciesor to evacuate the area. Satelliteswill
also continue to assess damage caused by severe weather and will help
determinethe need for disaster relief.
8.4.7 EARTHQUAKEPREDICTION. Spacebornesystemscarriedaloft by the STS may
be able to use lasers to measure minute shifts in the Earth's crust as a
possiblemethod of predictingearthquakes. It is possiblethat in the future
a significantnumber of lives may be saved as a result of earthquakepredic-
tion. Methods could also be developedto relievestress in the Earth'scrust
and thus preventearthquakes.
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SECTIONIX
IRREVERSIBLEAND IRRETRIEVABLECOMMITMENTSOF RESOURCES
9.1 INTRODUCTION
This section summarizes the commitment of natural and cultural resources which
will be required in order to realize the benefits offered by a continuing
space program.
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9.2 COMMITMENTSOF RESOURCES
Operations at KSC require the commitment of both natural and cultural re-
sources. The commitment of natural resources includes the consumption of
mineral and biological (other than human) resources. The commitment of cul-
tural resources includes restrictions on the use of some historical and recre-
ational areas. These basic commitments are no different from those necessary
for space program activities over the past 20 years.
9.3 NATURALRESOURCES
Activities at KSCwill utilize and consume various quantities of materials and
energy. This section describes those natural resources which will be commit-
ted as a result of KSC activities.
9.3.1 MATERIALSRESOURCES. The modification or construction of facilities
expends building materials such as steel, aluminum, wood, and wire. Most of
the construction activities are nearing completion. The operation and main-
tenance of the facilities requires materials such as oil, gasoline, diesel
fuel, paper, water, paint, cleaning agents, pesticides, and fertilizers.
Tables 2-7 and 2-11 list the kinds and amounts of pesticides and fertilizers
used. Paragraph 2.5.2 gives the projected amounts of offsite generated elec-
trical power, low sulfur fuel oil, and potable water used by KSC.
Both expendable and Space Transportation System (STS) ground support hardware
is designed and built at KSC. The hardware consists of launch towers, vehicle
supports, service arms, flame deflectors, valve panels, pneumatic servicing
units, computer control equipment, and a wide selection of ground support
equipment. Materials include aluminum, steel, copper, iron, plastics, elas-
tomers, glass, and other substances. Although a majority of the required
equipment and systems have already been obtained for expendable launch vehi-
cles and initial STS launches, expanded capabilities required to support the
higher launch rates expected for the operational period of the STS remain to
be acquired.
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In the support of launches from KSC, solid and liquid propellantsand other
consumable fluids will be expended. Tables 2-9 and 2-I0 indicate the
requirementsfor fuels and fluids. The major substancesconsumedare liquid
oxygen, liquid hydrogen, gaseous and liquid nitrogen, gaseous helium,
monomethylhydrazine,nitrogen tetroxide, Freon If3, and isopropyl alcohol.
Major solid propellantingredientsare ammonium perchlorate,aluminum powder,
and PBAN binder. Table 2-2 indicatesthe requirementsfor solidpropellants.
In addition to these substances, a total of 1,200 cubic meters (300,000
gallons) of water is used at each launch for sound suppressionand coolingof
the launch pad area for STS.
9.3.2 ENERGY RESOURCES. The peak annual energy required to perform space
programoperationsat KSC is expectedto be 91 X lOlu kilojoules (kj): 77 X
lOlu kj will be needed for electricity;II X lOlO kj will be consumedas fuel
oil; and 3 X lOlO kj will be required for transportationactivities. Fossil
fuels include oil, diesel fuel, and gasoline. The requiredelectricitywill
be suppliedby plants generatingelectricityfrom fuel oil.
Based on economic and energy comparisons,the STS is not consideredto be an
energy-intensiveactivity. Hence, the STS program is not expected to impose
significant energy impacts on the nation as a whole. Future increases in
electricor fossil fuel consumptionare not expectedat KSC, since STS program
operations (NASA, DOD, and contractor)will be replacingexisting activities
related to expendable launch vehicle operations, and an extensive energy
reductionprogramis underway. Currentconsumptionof energy is estimatedto
be 54 percentof that consumedin 1973.
For a complete discussion of the energy requirementsfor the entire Space
Shuttleprogram,refer to the Space ShuttleProgramEIS (referenceI-3).
9.3.3 BIOLOGICALRESOURCES. Small areas of wildlife habitatwill be convert-
ed to buildingsand other facilitiesassociatedwith the STS program. Under
cooperative agreements with the Department of Interior,launch and support
facilities at KSC coexist with a National Wildlife Refuge and a National
Seashorewhich are managedfor wildlifeand utilizedfor recreationas well as
for space launch support functions. No significantirretrievablecommitment
of land is expected in the future (see 2.6) and present land-use patterns
should continueat least until 1990.
9.4 CULTURALRESOURCES
Changesto culturalresources,such as employmentand recreationaland histor-
ical resources, are addressed below. A detailed discussion of cultural
resourceimpactsmay be found in 5.7.
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9.4.1 EMPLOYMENT.The work of NASA, the DOD, and contractor employees on the
space program will represent a commitment of manpower. Other than con-
struction activities, the program will employ skilled, highly skilled, and
professional workers. In view of the current and long-term demand for these
skill levels and the benefits to society that will result from the space pro-
gram, this commitment of manpower resources is considered a benefit of the
program.
Construction programs have been minimized through the use of existing facili-
ties. Construction workers will be required in some numbers at KSC for modi-
fication of facilities and construction of others. The demand will not be
great and is well within the community support developed during earlier pro-
grams. Ideally, much of the labor force can be drawn from local or nearby
labor markets since planned activities are not of sufficient magnitude or dur-
ation to attract workers from remote labor markets.
9.4.2 RECREATIONALAND HISTORICAL RESOURCES. No significant additional
irretrievable commitment of recreational or historical resources is expected
to result from the STS or expendable launch vehicle programs. Historical
preservation agreements and restrictions will be followed by users of KSC
property for the duration of the STS program. Recreational facilities,
operated under current or future agreements, will not be permanently affected
by the STS program. The temporary restrictions on public access to such
facilities prior to launches and landings do not irretrievably commit the
resource, and every effort will be made to minimize the time during which
these facilities are removed from public use.
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SECTIONX
OTHERCONSIDERATIONSTHATOFFSETPOTENTIALADVERSEEFFECTS
I0.I INTRODUCTION
This section provides a preview of the wealth of scientific knowledge and the
corresponding benefits to all mankind and the environment which can be made
possible by the capabilities of the Space Program.
10.2 NEAR-TERMBENEFITSFROMSPACE
Kennedy Space Center (KSC), as a NASAfield installation, contributes signifi-
cantly to the Nation's space program in the field of Space Transportation and
Applications. Since the late 1950's, NASA has developed launch complexes,
launch operations and checkout facilities, and test facilities of superior
merit and has attained technical excellence in the areas of flight systems
testing, facility/equipment development and operations, and launch operations.
Over the years, KSC has consistently demonstrated its worth by the successful
launching of more than 300 spacecraft into Earth orbit or into deep space tra-
jectories. In addition to launching spacecraft that have landed on the Moon
and Mars, KSC has launched spacecraft that have flown by Mercury, Venus and
Jupiter, returning data to provide greater understanding of these planets.
KSC has also launched spacecraft that have mapped the highly complex magneto-
sphere, studied the sun and the solar winds, and looked far into space, ac-
quiring information on ultraviolet, infrared, X-ray, and gammaradiation to
tell us more about the stars and galaxies. Still other spacecraft have been
launched that have helped enhance the quality of life on Earth by enabling im-
proved monitoring and managing of resources and global communications.
The wealth of scientific information gained from these launches is the primary
benefit of the space program. KSC's continued success in the field of Space
Transportation and Applications is a prerequisite to future revelations about
the universe; and with the advent of the STS in the 1980's with its ability to
reduce the cost of space operations, an even greater opportunity exists to in-
crease the Nation's accumulation of scientific information. In the short run,
the funds spent to obtain this information, and the jobs created, contribute
importantly to the health of the Nation. As indicated in section 9 of ref-
erence I-3, each dollar of NASA spending increases the real gross national
product and the national average productivity and is thus counterinflationary.
In the long run, the R&D expenditures contribute greatly to the advance of
technology, which is a prime factor in enabling per capita economic growth and
thus a rising national standard of living.
In summary, scientific investigation of other worlds made possible by the ac-
tivities at KSCcan tell us more about Earth, but not without some environmen-
tal impact (see section V). It is clear, however, that the potential effects
identified in section V, when taken in light of existing mitigation measures,
are dwarfed by the many benefits produced from operations at the Kennedy Space
Center.
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10.3 CONTRIBUTIONTO THE LOCALAREA
In the late 1950's, the decision by NASAto center the Nation's space activi-
ties in Brevard County, Florida, resulted in the creation of a great number of
jobs and the attraction of numerous support industries into the area. To ac-
commodate the influx of new residents, the development of homes, utilities,
schools, and public services had to be significantly expanded, resulting in a
boom environment. From 1968 to 1970, however, NASAemployment cutbacks re-
sulted in the loss of over I0,000 jobs; again in 1972 and 1973, as a result of
the completion of the Skylab project, further employment cutbacks resulted in
an unemployment increase from 7.0 percent in 1973 to 10.2 percent in 1974.
Many aerospace workers were forced to leave the county, and many businesses
were forced to close down. It appears that KSC's employment and spending
levels have stabilized in recent years; however, the impact of the STS program
and other KSCactivities will continue to be a major factor in the local econ-
omy. With the operation of the STS through the 1980's, KSC employment and
spending levels should remain stable for many years to come. NASAand Depart-
ment of Defense installations are still the primary sources of employment in
the county, directly and indirectly providing about one-third of the jobs.
The strength of Brevard County, while largely dependent upon military and
aerospace expenditures, is also dependent upon increases in the number of new
citizens and the rising level of tourism in the county. Tourism is a growing
industry in Brevard County and NASAand Air Force facilities are the county's
foremost attractions. In 1968, when KSCopened a Visitors Information Center
and began bus tours of selected facilities, the space center was visited by
more than 800,000 people. With the advent of frequent STS flights in the
1980's, projections indicate that NASAtours will attract more than 2,000,000
visitors each year, an unknown percentage of whomwill become permanent resi-
dents of Brevard County. The Kennedy Space Center makes a significant posi-
tive contribution to the strength of Brevard County.
10.4 RELATIONSHIPTO OTHERFEDERALPROGRAMS
10.4.1 U.S. FISH ANDWILDLIFE SERVlCE(FWS). As detailed in 4.3, FWSadmin-
isters those portions of KSCnot directly dedicated to operational uses.
10.4.2 NATIONALPARK SERVICE (NPS). As detailed in 4.3, NPS administers
2,693 hectares (6,655 acres) of KSC as a portion of the 16,592 hectares(41,000 acres) comprising the Canaveral National Seashore.
10.4.3 DEPARTMENTOF DEFENSE. The launch of unmanned scientific and technol-
ogy applications spacecraft by expendable launch vehicles involves operations
from NASAand Air Force owned facilities at the Cape Canaveral Air Force Sta-
tion. Base support services are provided by Air Force contractors under NASA-
Air Force agreements. DOD and NASAwill share responsibilities for the STS
program, with NASA launching DOD payloads on STS vehicles from KSC, and DOD
(Air Force) launching NASA payloads on STS vehicles at Vandenberg Air Force
Base, California.
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SECTIONXl
COMMENTSRECEIVEDAND NASARESPONSES
ll.l INTRODUCTION
Comments on the draft EnvironmentalImpact Statement for the Kennedy Space
Center (releasedApril 12, 1979) were requestedfrom Federal and state agen-
cies and from interestgroups. Of the 19 lettersreceived,nine elicited NASA
response.
If.2 COMMENTSRECEIVEDREQUIRINGNASA RESPONSE
Copies of all letters received on the draft environmentalimpact statement
that eliciteda responsefrom NASA are included in this section. The follow-
ing agenciessent lettersof this category:
Agency Page
Departmentof the Air Force ll-3
Office of the AssistantSecretary
Washington,DC 20330
Departmentof Health,Education,and Welfare ll-7
Public Health Service- Center for DiseaseControl
Atlanta,GA 30333
United States Departmentof Commerce ll-ll
The AssistantSecretaryfor Scienceand Technology
Washington,DC 20230
NationalOceanicand AtmosphericAdministration/ ll-12
EnvironmentalResearchLaboratories
Silver Spring,MD 20910 R32
NationalOceanicand AtmosphericAdministration/ ll-14
NationalMarine FisheriesService
Duval Building
9450 Koger Boulevard
St. Petersburg,FL 33702
NationalScienceFoundation If-17
Office of the AssistantDirector
Washington,DC 20550
United States EnvironmentalProtectionAgency ll-21
Region IV
345 CourtlandSt.
Atlanta,GA 30308
ll-l
Agency Page
BrevardCounty Board of County Commissioners II-24
County DevelopmentDivision
2575 N. CourtenayParkway
Merritt Island,FL 32952
East CentralFloridaRegionalPlanningCouncil 11-32
loll Wymore Road
Winter Park, FL 32789
FloridaDepartmentof Agricultureand ConsumerServices II-36
The Capitol -Assistant Commissioner
Tallahassee,FL 32304
11-2
DEPARTMENT OF THE AIR FORCE /,__,'_
WASHINGTON 20330
OFFICE OF THE ASS|STANT SECRETARY
June 20, 1979
Arnold W. Frutkin
Associate Administrator
External Relations
NASA
Washington, D.C. 20546
Dear Mr. Frutkin:
We appreciate the opportunity to review your Draft
Environmental Impact Statement for the Kennedy Space Center,
dated March 1979.
Our comments are:
i. Page 3-25, para 2. Recommend this section be
expanded to discuss the expected frequency and effects that
measured ambient levels for particulates and ozone may exceed
the standards in Table 3-5.
2. Page 3-40, para 5. It seems inappropriate to
classify citrus groves, construction ditches, impoundments,
plantings, etc., as part of the natural coastal community.
3. Page 5-12, Table 5-8. Suggest sources of the
recommended air quality guidelines for short-term exposure
to rocket exhaust effluents, other than the earlier EIS, be
indicated.
4. Pages 5-18 to 5-20. Suggest the human health
implications of rocket engine exhaust products in the atmos-
phere and on food plants around KSC be discussed.
Sincerely,
CARLOS STERN, Ph.D.
Deputy for
Environment & Safety
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Department of the Air Force_ Deputy for Environmentand Safety_ Washington_
[TC
a. Comment: Page 3-25, para 2. Recommendthis sectionbe expandedto dis-
cuss the expected frequencyand effects that measured ambient levels for
particulatesand ozone may exceedthe standardsin table 3-5.
Response: Data on expectedpollutantloadingare containedin paragraphs
5.2 through5.2.2.4,pages 5-I through5-22.
It is generallyacceptedthat the ozone precursorsin photochemicaloxi-
dant air pollutant are hydrocarbonsand nitrogen oxides. The data in
table 5-7, page 5-I0, indicateKSC emissionsof these primary pollutants
to be approximatelyI% of the Brevardtotal and hence a distinctlyminimal
source of whateverproblemmay exist.
Paragraph3.3.1,last 2 paragraphson page 3-25, have been changedto read
as follows:
"Recentlyacquiredair qualitymonitoringequipmentat KSC (includingthe
capabilityto measuretoxic gases generatedduring launches)and state air
qualitymeasurementssince 1973 have provideddata confirmingthe absence
of major pollutantsin the KSC vicinity (references3-4 and 3-5). During
1978, for example, the range of pollutantconcentrationswas (in micro-
grams per cubic meter): (1) sulfurdioxide: 0 to 176; (2) nitrogendiox-
ide: 0 to lO0; (3) particulates: 12.76 to 94.36; and (4) ozone: 4 to
382. Data on hydrocarbonsand oxides of carbon are not availableat this
time. Table 3-5 lists the current national ambient air quality stand-
ards.
"Ozone measurementsmade using new EPA calibrationstandards(ultraviolet
source)and new nationalambientair quality standards(240 vs 160 micro-
grams/cu,meter) currently show only isolated, seasonal (spring, fall)
high levels of ozone which appear to correspondwith certainweather pat-
terns and may involvelong-rangetransportphenomena. KSC limitationson
mechanicalactivity and proscribedburning restrictthe amount of pollu-
tants entering the atmosphere. Thus, the major sourcesof air pollutants
generated within KSC are private motor vehicles and launches of space
vehicles."
b. Comment: Page 3-40, para 5. It seems inappropriateto classify citrus
groves, constructionditches, impoundments,plantings, etc., as part of
the naturalcoastalcommunity.
v
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Response: Paragraph 3.4, page 3-40 (second sentence only) has been
changedto read: "The area is a mosaic of natural and developedcoastal
communitiestypical of east-centralFlorida and includes citrus groves,
shorelineand standingwater vegetation in impoundmentsand construction
ditches,vegetationin abandonedpasturesand around old homesites,plant-
ings of Australian pine, eucalyptus,and Florida holly, and cultivated
vegetation(grassesand ornamentals)along roads and around KSC and CCAFS
facilities." The last sentencehas been expandedto add: "...anda map of
selected vegetationtypes is enclosed in a pocket on the rear cover of
this EIS."
c. Comment: Page 5-12, table 5-8. Suggest sources of the recommendedair
quality guidelinesfor short-term exposure to rocket exhaust effluents,
other than the earlierEIS, be indicated.
Response: Table 5-8, page 5-12, has been changed to reflect specific
sources,as follows:
"Notes: 1_/Source: Committeeon Toxicology,NationalAcademy of Sciences
2_/Source: EnvironmentalProtectionAgency (see referenceI-3)
3_/Maximum 24-hour concentration,not to be exceeded more than
once a year.
Abbreviations:TWA = Time WeightedAverage
CL = CeilingLimits
STPL = Short-TermPublic Limits
PEL = PublicEmergencyLimits
EEL = EmergencyExposureLimits (occupational)"
d. Comment Pages 5-18 to 5-20. Suggest the human health implicationsof
rocket engine exhaustproducts in the atmosphereand on food plants around
KSC be discussed.
Response: Paragraphs5.9 through 5.9.3, pages 5-56 through 5-59, discuss
the impactsof KSC operationson the ecology of the area, emphasizingthe
human health and welfareeffects.
The second paragraphof 5.9.3, page 5-60 has been changed to read as fol-
lows: "The potentialimpactspredictedfrom KSC operationsfor the future
are similar to those which have existed for prior programs,with the ex-
ception of thermal protectionmaterialsused in the SRB refurbishmentand
subassemblyoperationand an increasein the quantitiesof some substances
already being used. Controlled access, positive badge-exchangesystems,
and real-timepredictionsfor airbornepollutantsare tools used to mini-
mize the potentialfor impact to human health and welfare. Results from
plant exposuresto solid rocketfuel exhaust (see reference5-3) indicate
that no substantialdecrease in agriculturalplant productivityin the
ll-5
area is expectedfrom atmosphericpollutantsgeneratedby SpaceShuttle
launches. Nothingin the exhaustis knownto be a potentialcontaminant
to food crops. In view of the geographicisolationof hazardousopera-
tionscoupledwith predictionshowingthat exposurelimitsestablished
for the specificimpactsof concernare not expectedto be exceeded(see
5.2 and 5.5),no significantadverseeffectson humanhealthand welfare
are expected. The reentrysonicboomwill be experiencedby the general
publicand advanceannouncementswill help to reducethe startleeffect
whichmightotherwiseoccur."
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DEPARTMENT OF HEALTH, EDUCATION, AND WELFARE
PUBLIC HEALTH SERVICE
CENTER FOR DISEASE CONTROL
ATLANTA, GEORGIA 30333
TELEPHONE: (404) 633-3311
June 8, 1979
Dr. Albert M. Koller, Jr.
Chief, Environmental Management Staff
Code DF
National Aeronautics and Space Administration
Kennedy Space Center, Florida 32899
Dear Dr. Koller:
We have reviewed the draft environmental impact statement for the
Kennedy Space Center, Brevard County, Florida. We are responding on
behalf of the Public Health Service.
Sonic Boom
The reentry of each Shuttle Orbiter will result in a low-level sonic boom
during its descent for landing at Kennedy Space Center (KSC). The informa-
tion provided in the EIS reveals that overpressures (I01N/m 2 or 2.1 csf)
produced by each boom are not expected to produce any effect other than a
slight startle in people who hear the boom and possibly some window rattling.
Since findings of the International Civil Aviation Organization indicate
that the "peak overpressures of a single sonic boom should not exceed 35 N/m2
(0.75 psf) if the populace is not to be annoyed," it is important that each
Florida countyto be affected by the expected average of one reentry boom
every I0 days be given the opportunity to comment on this impact and explain
how they wish to be notified to mitigate much of the "surprise" reaction for
the general public.
Solid Wastes
According to page 2-57 in the EIS, metal-contaminated wastes are presently
stored at LC-20 for disposal by an offsite contractor. While disposal of
these wastes will eventually be handled at a proposed onsite facility, the
past and present disposal practices of the contractor and acceptability of
the present disposal site should still be addressed in the EIS.
Hazardous solid wastes (page 2-59) are also now temporarily stored for
offsite disposal. Future practices for hazardous waste disposal are
indicated to be the "same as present." With a 300-fold increase in the
"projected annual volume," it is important that an accounting be made of
the offsite disposal site and its long-term environmental acceptability.
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Page 2 - Dr. Albert M. Koller, Jr.
Pesticides
Many pests in the KSC area are controlled by a variety of different
pesticides. Consideration should be given in the EIS to alternative control
measures that would result in desirable benefits.
Thank your for the opportunity of reviewing this document. We would
appreciate receiving two copies of the final statement when it is issued.
Sincerely yours,
Frank S. Lisella, Ph.D.
Chief, Environmental Affairs Group
Environmental Health Services Division
Bureau of State Services
ll-8
Department of Health_Education_and Welfare_ Public Health Service_Atlanta_
GA
a. Comment: Sonic Boom. The reentryof each ShuttleOrbiterwill result in
a low-levelsonic boom during its descent for landingat John F. Kennedy
Space Center (KSC). The information provided in the EIS reveals that
overpressures(lOlN/m2 or 2.1 csf) producedby each boom are not expected
to produce any effect other than a slight startlein peoplewho hear the
boom and possibly some window rattling. Since findings of the Interna-
tional Civil Aviation Organizationindicatethat the "peak overpressures
of a single sonic boom should not exceed 35 N/m2 (0.75 psf) if the popu-
lace is not to be annoyed",it is importantthat each Floridacounty to be
affected by the expected average of one reentry boom every lO days be
given the opportunityto commenton this impact and explainhow they wish
to be notifiedto mitigatemuch of the "surprise'I reactionfor the general
public.
Response: NASA plans a programdesigned to reach the majority of resi-
dents of each county in Florida that may or will experience sonic boom
during Orbiterreentry. The public in these areas will be informedof the
anticipatedday and hour of the incidents and, more especially,public
services (e.g., hospitals)will be notifiedwell in advance. It is not
expected that any problems or damage will result from the low levels of
overpressurespredicted.
Using the A-95 Clearinghouseprocess,NASA has coordinatedwith the State
of Floridaand receivedno adversecommenton this approach.
No changeto the EIS text has been made as a result of this comment.
b. Comment: Solid Wastes According to page 2-57 in the EIS, metal-
contaminatedwastes are presentlystored at LC-20 for disposalby an off-
site contractor. While disposal of these wastes will eventually be
handled at a proposedonsite facilty,the past and presentdisposalprac-
tices of the contractor and acceptabilityof the present disposal site
should still be addressedin the EIS.
Hazardous solid wastes (page 2-59) are also now temporarilystored for
offsite disposal. Futurepracticesfor hazardouswaste disposalare indi-
cated to be the "same as present." With a 300-fold increasein the "pro-
jected annual volume," it is importantthat an accountingbe made of the
offsitedisposal site and its long-termenvironmentalacceptability.
Response: The majority of solid waste materialsat KSC are nonhazardous
substanceswhich are disposedof in the on-site sanitary landfill. Con-
versely, the majority of hazardous wastes are in liquid form and are
currently shipped off-site for disposal. On May II, 1979 a one-year
contract was awarded to Frontier Chemical Waste Process, Inc., Niagara,
N.Y. for pickup and disposal of an estimated 304,000 kilograms (670,000
pounds)of chemicalwastes at KSC.
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Included are: hal ogenated hydrocarbons and hydrocarbons which are unre-
claimable at KSC; acidic, basic, and neutral aqueous solutions; and mis-
cellaneous solid or liquid toxic, corrosive, and flammable materials.
Paragraph 2.5.5, second paragraph on page 2-52, has been expanded to add:
"Chemical wastes in the staging areas are sent offsite for EPA-approved
disposal, treatment, or processing by a vendor under contract to KSC."
c. Comment: Pesticides. Many pests in the KSC area are controlled by a
variety of different pesticides. Consideration should be given in the EIS
to alternative control measures that would result in desirable benefits.
Response: Paragraph 2.5.4; a final paragraph has been added to page 2-52,
as follows: "Control of pests and vermin cannot be accomplished by any
one tool. KSC has a program of sanitation which effectively reduces the
need for excessive use of pesticides. To further this reduction in the
random use of pesticides, no work of this type is performed on a regular,
scheduled basis. All use of pesticides is restricted to a demand basis.
As alternatives to pesticides (e.g., biological methods) are identified,
NASAwill evaluate and apply acceptable techniques which will reduce or
eliminate pesticide use to theextent practicable."
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_*_-_-F UNITED STATES DEPARTMENT OF COMMERCEThe Assistant Secretary for Science and Technology
__p_ Washington. D.C. 202301202)377-_ 4 3 3 5
June 15, 1979
Mr. Arnold W. Frutkin
Associate Administrator for
External Relations
National Aeronautics and
Space Administration
Washington, D.C. 20546
Dear Mr. Frutkin:
This is in reference to your draft environmental impact
statement entitled, "Kennedy Space Center, Florida."
The enclosed comments from the National Oceanic and
Atmospheric Administration are forwarded for your
consideration.
Thank you for giving us an opportunity to provide these
con_nents,which we hope will be of assistance to you.
We would appreciate receiving seven copies of the final
statement.
Sincerely,
I /'
:.. /.IL., '1 _'"
ISidney'] _=r
Deputy _nt Secretary
for Environmental Affairs
Enclosures: Memos from:
NOAA - National Marine Fisheries Service
NOAA - Environmental Research Laboratories
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"ru,s.DEPARTMENT OF COMMERCE
National Oceanic and Atmospheric Administration
ENVIRONMENTAL RESEARCH LABORATORIES
Silver Spring, Maryland 20910 R32
May 23, 1979
TO: PP/EC - R. Lehman
FROM: RD/R32 - I. Van der Hoven
SUBJECT: Comments on DEIS #7904.26
Kennedy Space Center
It is not possible to assess the validity of the
model predictions of HCI concentrations for an STS
Launch as shown in Table 5-10. No references or
descriptions of the Rocket Exhaust Effluent Diffusion
(REED) computer program mentioned on page 5-11 and the
Multi-layer Diffusion model footnoted in table 5-10
are given in the report. Are these models the same?
What is the basis for the model? What dispersion para-
meters and what source configuration was assumed? We
recognize that computers perform wondrous feats, but
listing the time of cloud passage as 699.869 seconds,
for example, is going too far!
_._,..}.,._ l l - 12
/_'76-191_'
NationalOceanic and AtmosphericAdministration/EnvironmentalResearchLabora-
tories_SilverSpring,MD
Comment: It is not possible to assess the validity of the model predic-
tions of HCI concentrationsfor an STS Launch as shown in table 5-I0. No
referencesor descriptionsof the Rocket ExhaustEffluentDiffusion(REED)
computer program mentioned on page 5-11 and the Multi-layer Diffusion
model footnoted in table 5-I0 are given in the report. Are these models
the same? What dispersion parameters and what source configurationwas
assumed? We recognizethat computersperformwondrous feats, but listing
the time of cloud passage as 699.869 seconds, for example, is going too
far!
Response: The descriptionsand referencesare contained in the Program-
matic EIS for the Space Shuttle EIS, referenceI-3. On page 5-11, para-
graph 5.2.2.1 a, last line of first paragraph has been expanded to add:
"...andis describedin detail in AppendixC of reference1-3."
Table 5-I0, note 1_/,page 5-16, has been modified to read: "1_/NASA/MSFC
Multilayer Diffusion Model, using meteorology from 7:00 p.m., 18 March
1969 (referenceI-3). Note: The significantdigits shown on the computer
printoutshould not be construedas implyingthat degree of accuracy."
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I UNITED STATES DEPARTMENT OF COMMERCE
National Oceanic and Atmospheric Administration
NATIONAL MARINE FISHERIES SERVICE
Duval Building
9450 Koger Boulevard
St. Petersburg, FL 33702
May 31,•1979 FSE61RJH
893-3503
TO: ,Director, Office of Ecology an_ Conservation. EC
,J " I,.,,"
FROM." /:\FSE - William H. Stevenson/_/_//_/<l¢_,_! /
SUBJECt:
,/
Comments on Draft Environmental Impact Statement -
Kennedy Space Center, National Aeronautics and Space
Administration (NASA) (DEIS #7904.26).
The draft environmental impact statement for the Kennedy
Space Center that accompanied your memorandum of April 24, !979,
has been received by the National Marine Fisheries Service for
review and comment.
The statement has been•reviewed and the following comments
are offered for your consideration.
Specific comments
3.4.2 Communities
•Paqe 3-43 t paraqraph 6. In regard to "...related fishes and
gar., a more detailed description of "related" fishes would en-
hance the content of the statement.
Paqe '3-43m'paraqraph 7. This section should contain a more
detailed faunal description including scientific and common names
where appropriate. Present terminology is much too general.
Paqe 3-44,_paraqraph 8. A description is not given for
ichthyofauna inhabiting grass beds described. As written, this
paragraph leads the reader to assume an absence of marine organisms
within these areas.
Paqe 3-44t Section3.:4.3. We suggest•incorporating a more
descriptive narrative of individual critical habitat types, par-
ticularly in regard to wetlands areas.
Paqe5-23 e paraqraph 4. We suggest that future dredge and
spoil disposal sites be identified and maps delineating these
areas be incorporated into the final EIS.
Clearance Signature and Date
F7_- K. Roberts
NationalOceanic and Atmospheric Administration/NationalMarine Fisheries
Service_St. Petersburg_FL
a. Comment: 3.4.2 Communities Page 3-43_ paragraph 6. In regard to
i!
"...relatedfishes and gar., a more detailed descriptionof "related"
fishes would enhancethe contentof the statement.
Response: In compliancewith the intent of the new Council on Environ-
mental Quality regulations,the EIS was kept as concise and direct as
possible. Representative fauna are listed in table 3-9 on pages
3-46/3-47.
No change has been made to the EIS text as a resultof this comment.
b. Comment: Page 3-43_ paragraph 7. This section should contain a more
detailed faunal description includingscientific and common names where
appropriate. Presentterminologyis much too general.
Response: In compliancewith the intentof the new Councilon Environmen-
tal Quality regulations,the EIS was kept as concise and direct as possi-
ble. Representativefauna are listed in table 3-9 on pages 3-46/3-47.
No change has been made to the EIS text as a result of this comment.
c. Comment: Page 3-44_ paragraph8. A descriptionis not given for ichthyo-
fauna inhabitinggrass beds described. As written, this paragraphleads
the readerto assume an absenceof marine organismswithin these areas.
Response: In compliancewith the intentof the new Councilon Environmen-
tal Quality regulations,the EIS was kept as concise and direct as possi-
ble. A vegetationmap of the area has been included in a pocket on the
rear cover of this EIS.
d. Comment: Page 3-44_ Section 3.4.3. We suggest incorporatinga more de-
scriptivenarrativeof individualcriticalhabitattypes, particularlyin
regardto wetlandsareas.
Response: Figures3-9 (page 3-19), 3-I0 (page 3-21), 3-16 (page 3-38),
3-17 (page 3-41) and sections C.2 (page C-5) and C.6 (page C-23) provide
.moredetail of the naturesuggestedby this comment. In addition,the de-
tailed descriptionsof these areas (beyond those noted above) are con-
tained in references3-7, 3-I0, 3-11, and 5-13. A vegetationmap of the
area has been includedin a pocketon the rear cover of this EIS.
e. Comment: Page 5-23_ paragraph4. We suggestthat future dredge and spoil
disposal sites be identifiedand maps delineatingthese areas be incorp-
orated into the final EIS.
11-15 I
Response: Dredging operationsrecently completedat KSC are expected to
provide unimpededoperations in the Banana River for the next lO to 12
years. No further dredging is planned until maintenancedredging of the
channel is required. At that time, an environmentalassessmentwill be
performedto assist in decisionson spoil sites.
No change has been made to the EIS text as a resultof this comment.
/
/
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NATIONAL SCIENCE FOUNDATION
WASHINGTON. D.C. 20550
'1_,, .,_lt!h.,r
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OFFICE OF THE
ASSISTANT DIRECTOR
FOR ASTRONOMICAL,
ATMOSPHERIC, EARTH.
AND OCEAN SCIENCES June 22, 1979
Mr. Arnold W. Frutkin
Associate Administrator for
External Relations
NASA
400 Maryland Avenue, S.W.
Washington, D.C. 20546
Dear Mr. Frutkin:
Several individuals in the Foundation have reviewed the
draft "EIS for the Kennedy Space Center". Their comments
are attached. If you wish to discuss our input, please
contact Ms. Adair Montgomery on 632-7360.
Sincerely yours,
•_ Daniel Hunt
Deputy Assistant Director
Attachment
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Comments on draft of "Environmental Impact Statement for
Kennedy Space Center"
1. A review of the various sections pertaining to acid rain
and inadvertent weather modification indicates all of the
potential effects in the troposphere have been included,
although their examination is not very quantitative. Also,
there is no discussion of the stratospheric effects of the
chemical releases.
2. The recognition by NASA that "Merritt Island is in
general a fragile ecosystem and effects of land use on the
biota must be closely monitored" (Sac. III, 3.4.3, p.3-44)
is to be commended. It is obvious that extensive care has
been considered both from planning and contruction points of
view in this DEIS. It is essential for a thorough
environmental impact analysis to account for the various
fragile components of the biotic community, particularly the
geographic distribution and ecological habitats of
endangered fauna on the island (Appendix C). However, a
similar appendix of rare and endangered flora is lacking and
it should be realized that the fauna are intimately linked
to, and dependent upon, the flora of the area. It is our
recommendation that the results of the "surveys now under
way by the U.S. Fish and Wildlife Service and scheduled for
completion by October 1979 (to) locate endangered and
threatened flora" (Sac. III, 3.4.4., p. 3-51) be included in
this EIS and analysis of potential impact to the flora be
included.
3. NASA's efforts to reclaim or rennovate previously
existing structures where possible rather than develop new
sites as stated in Sec. IV, 4.2.a, p.4-1, is also
commendable. The overall effect of this consideration is,
of course, to minimize ecological/environmental impacts upon
an already fragile ecosystem.
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a. Comment: A review of the various sections pertaining to acid rain and in-
advertent weather modification indicates all of the potential effects of
the troposphere have been included, although their examination is not very
quantitative. Also, there is no discussion of the stratospheric effects
of the chemical releases.
Response: NASAhas established an extensive in-depth monitoring program
to detect and evaluate any impacts associated with acidic rain, if and
when it occurs. If it is determined that levels of acidic rains are
significantly increased as a result of KSC operations, launch schedules
can be altered to avoid incompatible weather patterns.
The conclusions drawn for inadvertent weather modification are based on
the evidence available to date and are as quantitative as the data can
support. Stratospheric effects of Space Shuttle launches are discussed in
the Space Shuttle Programmatic EIS of April 1978 (reference 1-3), specifi-
cally in 4.2.2 and 6.2 of that document. As noted in 1.2, page i-I, glo-
bal concerns are beyond the scope of this document. NASAactivities per-
taining to acid rain are continuing, and additional data soon will be
available in a final report from the U.S. Department of Agriculture at
North Carolina State University. This report will contain the results of
a study which employed a producing citrus grove at the Kennedy Space Cen-
ter. Paragraph 5.8.2.1, has been expanded, starting on page 5-55, as fol-
1ows:
"Concern over the potential effects of acid rain is an issue on which ex-
tensive research has been conducted, including the following typical cita-
tions for acid rain literature:
USDAForest Service, "Proceedings of the First International Symposium on
Acid Precipitation and the Forest Ecosystem," General Technical Report
NE-23, Upper Darby, PA, 1079 pp., 1976.
Braekke, F. H., "Impact of Acid Precipitation on Forest and Freshwater
Ecosystems in Norway," Research Report No. 6, Acid Precipitation - Effects
on Forests and Fish, Aas, Norway, III pp., 1976.
Likens, G. E., "Acid Precipitation: Our Understanding of the Phenomenon,"
Proceedings of the Conference on Emerging Environmental Problems: Acid
Precipitation, EP-I Cornell University, EPA 902/9-75-001, 1976.
Galloway, J. N. and E. B. Cowling, "Effects of Acid Precipitation on Vege-
tation, Soils, and Water - A Proposed Precipitation Network," Air Pol-
lution Control Association Journal (In press), 1979.
Although most work on acid precipitation to date has been done using
H2S04, comparable studies using HCI indicate that similar pH levels of
H2SO4 and HCI cause about the same injury to plants, and results from
H2SO4 work may be used to indicate what HCI would do.
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Analysesof local soil bufferingcapability,coupledwith the testingcon-
ducted on producingcitrus groves at KSC, have provided indicationsthat
acid rains, if they occur,are unlikelyto cause measurableeffectson the
growth or productivityof vegetation in the area. The pH of rainfall
would have to be less than l.O, on a repeated basis, involvingthe same
area of land for noticeableimpactsto be generated. The meteorologyof
the Merritt Island area and the very low likelihoodof an acid rain event
caused by the Space Shuttlemake the probabilityof repeateddoses of acid
rain on the same vegetatedarea extremelysmall.
Furthermore,discussionswith principal investigatorsfrom the U.S. De-
partment of Agricultureat North Carolina University and consultations
with the AmericanInstituteof BiologicalSciencesindicatethat the stud-
ies of the effectsof HCI gas on plants (see tables 5-11, 5-12, and 5-13)
and the high chloride content naturallyoccurringin the KSC environment
providefurtherevidencethat effects of acid rain generatedby the Space
Shuttlewill probablybe negligible,especiallyon nativespecies.
NASA has establishedan extensive,in-depthmonitoring programto detect
and evaluate any impacts associated with acidic rain when and if it
occurs. It it is determinedthat levels of acidicrains are significantly
increasedas a result of KSC operations,launch schedules can be altered
to avoid incompatibleweatherpatterns."
b. Comment: The recognitionby NASA that "Merritt Island is in general a
fragile ecosystem and effects of land use on the biota must be closely
monitored" (Sec. III, 3.4.3. p.3-44) is to be commended. It is obvious
that extensivecare has been consideredboth from planning and construc-
tion points of view in this DEIS. It is essentialfor a thoroughenviron-
mental impact analysis to account for the various fragile components of
the biotic community,particularlythe geographicdistributionand ecolog-
ical habitatsof endangeredfauna on the island (appendixC). However,a
similarappendixof rare and endangeredflora is lackingand it should be
realizedthat the fauna are intimatelylinked to, and dependentupon, the
flora of the area. It is our recommendationthat the resultsof the "Sur-
veys now under way by the U.S. Fish and WildlifeServiceand scheduledfor
completionby October 1979 (to) locate endangeredand threatened flora"
(See sec. Ill, 3.4.4., p. 3-51) be included in this EIS and analysis of
potentialimpact to the flora be included.
Response: Paragraph3.4.4, page 3-51, states that surveys now under way
by the U.S. Fish and WildlifeServiceat the Merritt IslandNationalWild-
life Refuge will not be completeduntil October1979, and data are not yet
availablefor inclusionin this EIS. It should be noted that no threaten-
ed or endangeredspeciesof flora are currentlyidentifiedon the Federal
list, but State-listedspeciesare noted in table 3-11, page 3-50.
A vegetationmap of the area is includedin a pocketon the rear cover of
this EIS.
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x_\'_to s r4).
_l_l_,c¢ UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
n'_'_tPR_¢ REGION IV
345 COURTLANO STREET
ATLANTA, GEORGIA 30308
June 22, 1979
4SA-EIS
Mr. Arnold W. Frutkin
Associate Administrator
for External Affairs
National Aeronautics and Space Adm.
Washington, D. C. 20546
Dear Mr. Frutkin:
Wc have reviewed the Draft Enviro_mentsl Impact Statement on the Kennedy
Space Center and are concerned over potential effects of acid rains,
especially cumulative impacts of these events. The effects of recurrent
acid rains on the growth and productivity of species of marsh plants
including Spartina, Juncus and mangroves, need to be investigated. In
fact, we suggest that effects of repeated acid rains on all associations
listed as Critical Ecological Areas (.3.4.3) be discussed. Protection of
a sensitive area from construction impacts may be a vacant gesture if
ecosystem function is severely impaired by facility operation.
On the basis of our review a rating of LO-2 was assigned, i.e., we have
no significant environmental objections to the facility per se; however,
some additional data are needed.
If we can be of further assistance, feel free to call on us.
Sincerely yours,
t
E. Ha_ III
_iChief,EIS Branch
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Comment: We have reviewedthe Draft EnvironmentalImpactStatementon the
Kennedy Space Center and are concerned over potential effects of acid
rains,especiallycumulativeimpactsof these events. The effects of re-
current acid rains on the growth and productivityof species of marsh
plants includingSpartina,Juncus and mangroves,need to be investigated.
In fact, we suggest that effects of repeated acid rains on all associa-
tions listed as Critical EcologicalAreas (3.4.3)be discussed. Protec-
tion of a sensitivearea from constructionimpactsmay be a vacant gesture
if ecosystemfunctionis severelyimpairedby facilityoperation.
Response: Paragraph5.8.2.1,has been expanded,startingon page 5-55, as
follows: "Concernover the potentialeffectsof acid rain is an issue on
which extensive research has been conducted, including the following
typicalcitationsfor acid rain literature:
USDA Forest Service, "Proceedingsof the First InternationalSymposiumon
Acid Precipitationand the Forest Ecosystem," General Technical Report
NE-23, Upper Darby, PA, I079 pp., 1976.
Braekke, F. H., "Impact of Acid Precipitationon Forest and Freshwater
Ecosystemsin Norway",ResearchReport No. 6, Acid Precipitation- Effects
on Forestsand Fish, Aas, Norway,Ill pp., 1976.
Likens,G. E., "Acid Precipitation: Our Understandingof the Phenomenon,"
Proceedingsof the Conference on Emerging EnvironmentalProblems: Acid
Precipitation,EP-I CornellUniversity,EPA 902/9-75-001,1976.
Galloway, J. N. and E. B. Cowling, "Effects of Acid Precipitation on
Vegetation, Soils, and Water - A Proposed PrecipitationNetwork," Air
PollutionControlAssociationJournal (In press), 1979.
Although most work on acid precipitationto date has been done using
H2S04, comparable studies using HCI indicate that similar pH levels of
H2SO4 and HCI cause about the same injury to plants, and results from
H2SO4 work may be used to indicatewhat HCI would do.
Analyses of local soil bufferingcapability,coupledwith the testingcon-
ducted on producingcitrus groves at KSC, have provided indicationsthat
acid rains, if they occur, are unlikelyto cause measurableeffectson the
growth or productivityof vegetation in the area. The pH of rainfall
would have to be less than l.O, on a repeated basis, involvingtilesame
area of land for noticeableimpactsto be generated, The meteorologyof
the Merritt Island area and the very low likelihoodof an acid rain event
caused by the Space Shuttlemake the probabilityof repeateddoses of acid
rain on the same vegetatedarea extremelysmall.
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Furthermore,discussionswith principal investigatorsfrom the U.S. De-
partment of Agriculture at North Carolina University and consultations
with the AmericanInstituteof BiologicalSciences indicatethat the stud-
ies of the effectsof HCI gas on plants (see tables 5-11, 5-12, and 5-13)
and the high chloride content naturallyoccurring in the KSC environment
providefurther evidencethat effectsof acid rain generatedby the Space
Shuttlewill probablybe negligible,especiallyon native species.
NASA has establishedan extensive, in-depthmonitoring program to detect
and evaluate any impacts associated with acidic rain when and if it
occurs. If it is determinedthat levels of acidic rains are significantly
increased as a result of KSC operations,launch schedulescan be altered
to avoid incompatibleweatherpatterns."
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BOARD OF COUNTY COMMISSIONERS
COUNTY DEVELOPMENT DIVISION, 2575 N. Courtenay Parkway, Merritt Island, Florida 32952
June 11,1979
Mr. Arnold W. Frutkin
AssociateAdministratorfor
ExternalRelations
NationalAeronauticsand
Space Administration
Washington,D.C. 20546
Dear _. Frutkin:
Thank you for the opportunityto review the Draft EnvironmentalImpact
Statementfor the KennedySpace Center. Overall,we find that the Document
is completeand well done. We have a few questionsor commentswhich we
feelwill improvethe overallqualityof the statement.
I) 2.3.4 - The missionoperationsdiscussionindicatedthat the SRB
will be recoveredand towed throughPort Canaveralbefore the SRB thrust
vector control (_rC)and ordinancesystemsare safed and remainingfuel
removed• What are the possibleeffectsof fuel leakageor ordinancedet-
onationto the operationsof the Port or Jetty Park, two importantcounty
facilities?
2) 2.5.2.4 Potablewater supply is of particularconcernin Brevard
County. The City of Titusvillehas recentlydeclareda water shortageand
by 1983, the water supply for the City of _Ibourne is expectedto be insuf-
ficientin droughtconditions. The 345.6 million gallondemand in 1984 is
a 142% increaseover 1978. What methodsare availableto reduce this demand
on the local supplieras well as the resourceitself? In addition,this
sectiondisagreeswith the figuresgiven in section5.3.1.1.
3) 2.5.8.2 As experiencedwith the Apollo program and to a lesser
extent recentlywith the arrivalof the ShuttleEnterpriseand Columbia,
public view in the areas around the Space Centerplaces significantdemand on
local servicesand facilitiessuch as police, highwaysand water front
viewing areas. What methodsare availableto reduce that impact on local
governments?
• . continued
D. GENE ROBERTS JOHN HURDLE VAL M. STEELE LEE WENNER JOE WlCKHAM ROBERT L. NABORS R.C. WINSTEAO, JR.
Chairman Vice Chairman District 3 District 4 District 5 County Attorney Clerk
District 1 District 2
DOUGLAS S. FUTCH, Administrative Director
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Page Two
4) 3.2.2 - The description of the Avon Park formation is accurate,
that is, a relatively impermeable formation. However, the boulder zone is
a highly fractured strata with high transmissivity and not as described.
This section should be clarified.
5) Section IV - CEQguidelines clearly spell out that regional, state
and local land use plans, policies and controls shall be considered. Only
the State Coastal Zone Management Program and the Local Mosquito Control
District are briefly mentioned in this section. Numerous other land use
plans, policies and controls are developed or are being developed for the
Kennedy Space Center Area. Brevard County has completed the Areawide
Waste Treatment Management Plan under section 208 of PL 92-500; essentially
completed the Wastewater Facilities Plan under section 201 of PL 92-500;
has an adopted land use plan; and is developing a new comprehensive plan
under the State of Florida's Local Government Comprehensive Planning Act of
which several draft elements are complete; has contracted with a private
consultant and U.S.G.S. to conduct a water supply study for the entire
Brevard County area, just to name a few. While some coordination has
occurred in the past, close coordination is essential now to assure con-
sistency between local government plans and essential NASAoperations.
6) Table 4-I - January 19, 1978, the Brevard County Board of County
Commissioners adopted a resolution recommending a local alternative for
the development of the Canaveral National Seashore. This alternative rec-
ognized the necessity of specific security operations, but stressed the
importance of Playalinda Beach as an intensive recreation facility. What
methods are available to decrease the number of days State Road 402 is closed?
7) 5.3.1.3 - The Brevard County 208/201 planning effort has invest-
igated the impact of runoff and sewage discharge on the surface waters of
the County. These studies have indicated that surface runoff or non point
source is the primary source of nutrient loadings in the surface water surround-
ing KSC. Phosphorus, nitrogen, and suspended solids are all contributed
by runoff, as well as the hydrocarbons, pesticides, herbicides, or fungicides
mentioned.
8) 5.3.1.4 - The studies for the 208 areawide waste treatment management
plan also points out the need to control dredging. The anaerobic layer of
sediments act as a nutrient sink, that is, the permanent loss of nutrients
from the water column. In most cases this anaerobic layer is less than one
centimeter below the water/substrate interface. If these sediments are dis-
turbed causing the remixing and resuspension of the nutrients in the anaerobic
portion of the water column the formally trapped nutrients are released re-
sulting in higher, possibly damaging concentrations. This is also true for
other trapped pollutants in the sediment.
. . . Continued
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In summary,we generallyfind this documentto be completeand accurate
and look forwardto workingwith NASA on futureprojects.
If you have any questionson the points raised,please feel free to
call me.
Sincerely,
PlaNNING& ZONINGDEPARTb_NTOF
BPEVTh_DCOUNTY,FLORIDA
Robert J. _gssarelli
• Environmental Planner
RJM/dtb
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Brevard Count},Board of Count_,Commissioners_Count_'DevelopmentDivision_
MerrittIsland_FL
a. Comment: 2.3.4 - The missionoperationsdiscussionindicatedthat the SRB
will be recoveredand towed through Port Canaveralbefore the SRB thrust
vector control (TVC) and ordnance systems are safed and remaining fuel
removed. What are the possibleeffects of fuel leakageor ordnancedeto-
nation to the operationsof the Port or Jetty Park, two importantcounty
facilities?
Response: The EnvironmentalImpact Statementreleased in April 1978 for
the Space ShuttleProgram(referenceI-3, pages 97, 98, and 122) addressed
the effects of potential unplanned events which might occur during SRB
retrieval operations. Portions of the discussions are excerpted, as
follows:
"The spent SRB is retrieved at the impact point in the ocean and towed
back to the hauloutareas or harborsat both the KSC and the VAFB launch-
sites. Some seawatermay mix with or dissolve the unburnt propellantand
residue inside the casing (charredinsulation and ammonium perchlorate)
and may be released during the haulout operations. A worst-case event
could involvethe spillageof about 79 kg (175 Ib) of this material. The
maximumallowableconcentration(MAC) for fish in water is 50 mg/literfor
ammonium perchlorate;see table 4-9 (taken from ref. 4-38). Since both
harborsare subjectto flushingby tidal action,any contaminationis ex-
pected to be local and to dissipaterapidly.
"The empty SRB is effectivelyinert. It will contain a small amount of
residual hydrazinein tanks designedto withstandthe splashdownloads and
the salt water environmentwithout leakage. Early SRB's will carry a
linear shaped charge as part of the flight terminationsystem for range
safety; however,this ordnancewill be both mechanicallyand electrically
"safed" (made inert) prior to SRB separation. If the SRB should sink in
deep water, no hazard would be presented to shipping or to the marine
environment. If the SRB should sink in shallow water, it would be
recoveredbecauseof its value. Mishaps to the retrievalvessel will not
result in any environmentalconsequencesdifferentfrom those associated
with any shippingmishap (excludingoil tankers). The retrievalvessel is
poweredby ordinarypetroleum-basedfuels. Normal safety precautionswill
be observedin handlingthese fuels."
Close coordinationbetweenNASA and the Port Authority, the Department of
Defense,and the Coast Guard will ensure that all safety precautionsare
exercisedand that no conflictsin facilityuse arise.
Paragraph2.3.4, second paragraphon page 2-26, has been changedto insert
the following at line 13: "The empty SRB is effectivelyinert. It will
contain a small amount of residual hydrazine in tanks designed to with-
stand the splashdownloads and the saltwaterenvironmentwithout leakage.
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Early SRB's will carry a linear shaped charge as part of the flight
terminationsystem for range safety; however, the ordnance will be both
mechanicallyand electricallysafed (made inert)prior to SRB separation."
b. Comment: 2.5.2.4 - Potable water supply is of particular concern in
Brevard County. The City of Titusville has recently declared a water
shortage and by 1983, the water supply for the City of Melbourne is
expected to be insufficientin drought conditions. The 345.6 million
gallon demand in 1984 is a 142% increase over 1978. What methods are
available to reduce this demand on the local supplier as well as the
resource itself? In addition, this section disagrees with the figures
given in section5.3.1.I.
Response: A more recentassessmentof actualand predictedannual potable
water consumptionthan was availablewhen the draft EIS was being prepared
has resultedin the followingadjustmentsto the indicatedparagraphs(see
page 2-48):
2.5.2.4 was: "Year Kiloliters Gallons
1978 540,541 142,800,000
1979 559,846 147,900,000
1980 622,587 164,475,000
1981 666,024 175,950,000
1982 926,568 244,800,000
1983 l,065,856 281,600,000
1984 l,038,096 345,600,000"
now: "Year Kiloliters Gallons
1978 560,180 148,800,000
1979 749,430 198,000,000
1980 832,700 220,000,000
198] 870,550 230,000,000
1982 926,568 244,800,000
1983 l,065,856 281,600,000
1984 l,308,096 345,600,000"
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It should be noted that the water used at KSCcomes entirely from Orange
County through the City of Cocoa. The projected use of water is related
directly to the STS flight schedule (see table 2-I on page 2-4) and repre-
sents maximum amounts based on predicted mission use. Water consumption
during the Apollo era (1968-1969) was 1,480,000 kiloliters (391,010,000
gallons), about 170,000 kiloliters (45,000,000 gallons) more than the ex-
pected peak annual use for the Space Shuttle.
NASA has reduced water consumption significantly at KSC by curtailing
air-conditioning wherever used solely for human comfort, by instituting
reuse of wash and rinse water to the fullest extent, and by constant sur-
veillance for sources of losses which on an annual basis could be a con-
cern. As operational processes evolve, every opportunity to reduce
consumption of potable water will be evaluated. The use of pumped ground
water is an alternative which has been assessed and which can be adopted
if needed, but high salinity and maintenance of ground water pumping
systems present problems which should be avoided if possible.
Paragraph 5.3.1.1, page 5-23, has been changed to read: "Average use
during the STS era is estimated not to exceed 2,481 kiloliters (653,000
gallons) per day."
Table 5-15, page 5-22 has been changed to read: "I. Consumption of water
(Est. 1979) 749,430 kiloliters/year (198,000,000 gallons/yr)"
c. Comment: 2.5.8.2 - As experienced with the Apollo program and to a lesser
extent recently with the arrival of the Shuttle Enterprise and Columbia,
public view in the areas around the Space Center places significant demand
on local services and facilities such as police, highways and waterfront
viewing areas. What methods are available to reduce that impact on local
governments?
Response: In the areas of public viewing over which NASA has control, I
portable comfort stations will be temporarily emplaced for viewers
use and public address systems will be used to assist in an orderly dis-
persal of vehicles as in the past.
For those areas not under NASA jurisdiction, it is expected that local
businesses will cooperate with county and municipal governments to
accommodate tourists and visitors to their mutual benefit. As has always
been NASApolicy, public information activities will be coordinated with
local groups to ensure maximum knowledge and involvement regarding
mission plans and operations.
No change has been made to the EIS text as a result of this comment.
d. Comment: 3.2.2 -The description of the Avon Park formation is accurate,
that is, a relatively impermeable formation. However, the boulder zone is
a highly fractured strata with high transmissivity and not as described.
This section should be clarified.
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Response: 3.2.2, page 3-2. The following two sentences in the second
paragraph have been deleted:
"This area is generally referred to as the boulder zone. The depth and
exact characteristics of the boulder zone vary throughout the county."
e. Comment: Section IV - CEQ guidelines clearly spell out that regional,
state and local land use plans, policies and controls shall be
considered. Only the State Coastal Zone Management Program and the Local
Mosquito Control District are briefly mentioned in this section. Numerous
other land use plans, policies and controls are developed or are being
developed for the John F. Kennedy Space Center Area. Brevard County has
completed the Areawide Waste Treatment Management Plan under section 208
or PL 92-500; essentially completed the Wastewater Facilities Plan under
section 201 of PL 92-500; has an adopted land use plan; and is developing
a new comprehensive plan under the State of Florida's Local Government
Comprehensive Planning Act of which several draft elements are complete;
has contracted with a private consultant and U.S.G.S. to conduct a water
supply study for the entire Brevard County area, just to name a few.
While some coordination has occurred in the past, close coordination is
essential now to assure consistency between local government plans and
essential NASAoperations.
Response: NASArecognizes the need for continuing coordination in these
areas and representatives have been designated to work with the appropri-
ate local and state planning groups.
No change has been made to the EIS text as a result of this comment.
f. Comment: Table 4-I - January 19, 1978, the Brevard County Board of County
Commissioners adopted a resolution recon_nending a local alternative for
the development of the Canaveral National Seashore. This alternative
recognized the necessity of specific security operations, but stressed the
importance of Playalinda Beach as an intensive recreation facility. What
methods are available to decrease the number of days State Road 402 is
closed?
Response: As experience is gained with new STS systems, it is to be ex-
pected that restrictions imposed for reasons of public safety and opera-
tional security can be relaxed. Current plans are for NASA and the
National Park Service to cooperate to permit vehicle access during all but
the final days of launch preparations. Alternatives, such as supervised
busing through the restricted zone, or use of alternate access routes are
being evaluated.
Paragraph 7.7 on page 7-3 has been expanded by the addition of the follow-
ing sentences: "In addition, the periodic closing of Playalinda Beach
will be required for public safety and operational security. NASAand the
National Park Service will cooperate to reduce restrictions to the extent
possible as experience indicates the suitability of such action."
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g. Comment: 5.3.1.3- The BrevardCounty 208/201 planningeffort has invest-
igatedthe impact of runoff and sewage dischargeon the surfacewaters of
the county. These studieshave indicatedthat surfacerunoffor non point
source is the primary source of nutrient loadings in the surface water
surroundingKSC. Phosphorus,nitrogen,and suspendedsolids are all con-
tributed by runoff, as well as the hydrocarbons,pesticides,herbicides,
or fungicidesmentioned.
Response: Paragraph5.3.1.3on page 5-23, first paragraph,last sentence,
has been revisedas follows: "Runofffrom unpavedareas can containresi-
dues from the applicationof pesticides for citrus groves and grounds
maintenance,as well as a contributionof phosphorus,nitrogen,and sus-
pended solids."
h. Comment: 5.3.1.4 - The studies for the 208 areawide waste treatment
management plan also points out the need to control dredging. The
anaerobic layer of sediments act as a nutrient sink, that is, the per-
manent loss of nutrientsfrom the water column. In unostcases this anaer-
obic layer is less than one centimeter below the water/substrateinter-
face. If these sediments are disturbedcausing the remixing and resus-
pension of the nutrientsin the anaerobicportion of the water column the
formerlytrappednutrientsare releasedresultingin higher,possiblydam-
aging concentrations. This is also true for other trapped pollutantsin
the sediment.
Response: Dredging operationsrecentlycompleted at KSC are expected to
provide unimpededoperations in the Banana River for the next lO to 12
years. No further dredging is planned until maintenancedredging of the
channel is required. At that time, an environmentalassessmentwill be
performedto assist in decisionson spoil sites.
No change has been made to the EIS text as a result of this conl_lent.
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THE REGIONALP ANNINGCOUNCIL
1011WYMORE ROAD . WINTER PARK,FLORIDA 32789
TELEPHONE:(305) 645-3339
June 13, 1979
Mr. A. M. Koller, Jr., Chief
Environmental Management Staff
NASA, John F. Kennedy Space Center
Kennedy Space Center, FL 32789
Subject: Environmental Impact Statement
for Kennedy Space Center
ECFRPC No. BR-79-72
Dear Mr. Koller:
Thank you for the opportunity of reviewing the above referenced
document. Following a staff review of the E.I.S., it is suggested
that:
i. Since operations related to the Space Shuttle program
will add to the hydrocarbon emissions in Brevard County
(ref. Tables 5-1, 5-2), and since violations of ozone
standards have been recorded at KSC (ref. 3-25), the
agency should show records of all ozone monitoring which
KSC has undertaken. It appears possible that a violation
of federal ozone standards may take place and that miti-
gative measures may have to be implemented.
2. Figure 2-1 should display the 15 sewage treatment package
plants, as stated on Page 2-48, Paragraph 2.5.2.5.
3. On Page 3-44, Paragraph 3.4.3., the name "Florida Zone
Coordination Council" be changed to Florida Bureau of
Coastal Zone Planning.
4. NASA should work closely with the National Park Service
to mitigate as much as possible the adverse impacts
associated with the closure of Playalinda Beach for
Space Shuttle operations.
EXECUTIVECOMMITTEE BOARDOF DIRECTORS
COMM. JOHN A, HURDLE MR, GEORGE M. BARLEY, JR. COMM. JOHN A. HURDLE MAYOR NORMAN C. FLOYD. SR. MR. GEORGE M, BARLEY, JR, COMM. JAMES R, CARSON, JR.
Cha=rman Secretary-Treasurer Brevard County City of Altarnonte Springs Cdy of Odando Lake County
MAYOR NORMAN C. FLOYD+ SR. MR. CLIFF GUILLET COMM. DICK FISCHER COMM. SANDRA GLENN COMM, LARRY WHALEY COMM. WILLIAM L, HANCOCK
Vice Chairman ExecutiveDirector OrangeCounty SeminoleCounty OsceoJaCounly Cily ofDaytonaBeact,
COUNCILWOMAN PEG HEWITT MAYOR TROY J. PILAND COMM, RICHARD S. STEVENS MRS, MARILYN CROTTY /
CIlyof PalmBay CityofWinterSprings CityofWinterPark SeminoleCounly /
MR. BILL BECK MR. JAMES M.HOSKINSON MR. ROBERTL. RAINWATER ,|
Osceota Counly Lake County City oqRocktedge j
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Should you feel that the East CentralFloridaRegionalPlanning
Councilcould be of furtherassistanceto you, please do not hesitate
to call.
Sincerely/
, /_ i i' ] , ,Ji/0 '
Cli#_u111et
/ EYe_cbtiveDirector
CG/JI/eb L
cc: Hon. John F. Hurdle
Mrs. Wilma Whippo
Mr. W. LansingGleason
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East Central Florida Regional Planning Council_ Winter Park_ FL
a. Comment: Since operations related to the Space Shuttle program will add
to the hydrocarbon emissions in Brevard County (ref. Tables 5-I, 5-2), and
since violations of ozone standards have been recorded at KSC (ref. 3-25),
the agency should show records of all ozone monitoring which KSC has un-
dertaken. It appears possible that a violation of federal ozone standards
may take place and that mitigative measures may have to be implemented.
Response: On February 13, 1979, records of agency monitoring results for
ozone and hydrocarbons at the Kennedy Space Center were provided to the
State of Florida Department of Environmental Regulation (DER) in Orlando.
Since that time, relaxation of national ambient air quality standards and
changes in calibration techniques for ozone monitoring instruments have
been instituted and few subsequent measurements above federal standards
have been recorded.
It is generally accepted that the ozone precursors in photochemical oxi-
dant air pollutant are hydrocarbons and nitrogen oxides. The data in
table 5-7, page 5-10, indicate KSC emissions of these primary pollutants
to be approximately I% of the Brevard total and hence a distinctly minimal
source of whatever problem may exist.
Paragraph 3.3.1, last 2 paragraphs on page 3-25, have been changed to read
as follows:
"Recently acquired air quality monitoring equipment at KSC (including the
capability to measure toxic gases generated during launches) and state air
quality measurements since 1973 have provided data confirming the absence
of major pollutants in the KSC vicinity (references 3-4 and 3-5). During
1978, for example, the range of pollutant concentrations was (in micro-
grams per cubic meter): (I) sulfur dioxide: 0 to 176; (2) nitrogen diox-
ide: 0 to I00; (3) particulates: 12.76 to 94.36; and (4) ozone: 4 to
382. Data on hydrocarbons and oxides of carbon are not available at this
time. Table 3-5 lists the current national ambient air quality stand-
ards.
"Ozone measurements made using new EPA calibration standards (ultraviolet
source) and new national ambient air quality standards (240 vs 160 micro-
grams/cu, meter) currently show only isolated, seasonal (spring, fall)
high levels of ozone which appear to correspond with certain weather pat-
terns and may involve long-range transport phenomena. KSC limitations on
mechanical activity and proscribed burning restrict the amount of pollu-
tants entering the atmosphere. Thus, the major sources of air pollutants
generated within KSC are private motor vehicles and launches of space
vehi cl es."
II -34
b. Comment: Figure 2-1 should display the 15 sewage treatment package
plants,as statedon page2-48, paragraph2.5.2.5.
Response: Table 2-4 locatesthe sewage treatmentplantsby area on figure
2-1 as indicatedby numbered references. Paragraph 2.5.2.5, line 4 on
page 2-48 has been changedfrom "(see figure2-1)" to "(see table 2-4)".
c. Comment: On page 3-48, paragraph3.4.3.,the name "FloridaZone Coordina-
tion Council" should be changed to Florida Bureau of Coastal Zone Plan-
ning.
Response: The text of the EIS has been changedas requested.
d. Comment: NASA shouldwork closelywith the NationalPark Serviceto miti-
gate as much as possiblethe adverse impactsassociatedwith the closure
of PlayalindaBeach for Space Shuttleoperations.
Response: As experience is gained with new STS systems,it is to be ex-
pected that restrictionsimposedfor reasons of public safety and opera-
tional security can be relaxed. Current plans are for NASA and the
NationalPark Serviceto cooperateto permit vehicleaccessduring all but
the final days of launch preparations. Alternatives,such as supervised
busing throughthe restrictedzone, or use of alternateaccess routes are
being evaluated.
Paragraph7.7, page 7-3 has been expandedby the additionof the following
sentences: "In addition,the periodicclosingof P]ayalindaBeach will be
requiredfor public safety and operationsecurity. NASA and the National
Park Servicewill cooperateto reduce restrictionsto the extent possible
as experienceindicatesthe suitabilityof such action."
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s,,,EoF,Lo,o, FLORIDADEPARTMENTOFAGRICULTURE8 CONSUMERSERVICES
OOYLIECOflNtR. COMMISSIONrR • THI_ CAPITOL I TALLAHASSF.E32_4
June 13, 1979
Hr. Loring Lovell, Chief
Bureau of Intergovernmental Relations
Division of State Planning
Department of Administration
Carlton Building
Tailahassee, Florida 52301
De_ h_. Lovell:
Our Division of Forestry has reviewed the Summary of The Kennedy
Spf.ce Center Environmental Impact Statement presented recently
at the A-9S Clearinghouse Meetin2. We feel that an excellent
and very thorough job has been done with preparation of this
document. Our only question concerns the treatment of vegetation,
and the tests which have been run concerning the effects of solid
fuel by-products on the plant communities. We understand that
hydrogen chloride absorbed by rain is the substance o£ major
concern. Our question is, in addition to the mostly agricultural
or horticultural plants listed on pages 5-18 of the summary
document, have tests been conducted on native plants in the areas
affected by rocket blast gases? If so, what are the effects?
One other concernwith reference to the vegetative communities
surrounding the Space Center has been noted. We saw, on the last
page of the summary document, a reference to the "KSC 0perational
Honitoring Program" with a reference to biotic monitoring of
threatened/endangered flora and fauna. However, although Table
C-I in the summary document addlessed the endangered/threatened
fauna, we did not see this kind of reference to the floral
component. Is there a similar monitoring program for the
vegetative community of the area?
If the Division of Forestry can be of service beyond the above,
do not hesitate to contact us.
Sincerely,
Harold H Hoffman
Assistant Commissioner
HHII/bs
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FloridaDepartmentof Agricultureand ConsumerServices_Tallahassee_FL
a. Comment: Our Divisionof Forestryhas reviewedthe Summaryof The Kennedy
Space CenterEnvironmentalImpactStatementpresentedrecentlyat the A-95
ClearinghouseMeeting. We feel that an excellentand very thorough job
has been done with preparationof this document. Our only questioncon-
cerns the treatmentof vegetation,and the tests which have been run con-
cerning the effectsof solid fuel by-productson the plant communities.
We understandthat hydrogenchloride absorbedby rain is the substanceof
major concern. Our questionis, in additionto the mostly agriculturalor
horticulturalplants listed on pages 5-18 of the summary document,have
tests been conducted on native plants in the areas affected by rocket
blast gases? If so, what are the effects?
Response: The plant exposure studies conducted at North Carolina State
University included 23 species of native vegetation taken from Merritt
Island. These studies generallyindicatedthat native specieswere more
resistantto HCI and solid rocketfuel exhaustthan were the horticultural
and agronomicspecies. It appearsfrom the NCSU studies,and work conduc-
ted at the Universityof Californiaat Riverside,that these plants will
be even more resistantto exposuresto solid rocket fuel exhaust in the
field situation. No pronouncedeffectson even the most sensitivenative
species from solid rocketfuel exhaustare expected,based on all research
work to date.
No change to the text of the EIS has been made as a result of this com-
ment.
b. Comment: One other concernwith referenceto the vegetativecommunities
surroundingthe Space Center has been noted. We saw, on the last page of
the summarydocument,a referenceto the "KSC OperationalMonitoringPro-
gram" with a referenceto bioticmonitoringof threatened/endangeredflora
and fauna. However, althoughTable C-l in the summarydocumentaddressed
the endangered/threatenedfauna,we did not see this kind of referenceto
the floral component. Is there a similarmonitoringprogramfor the vege-
tative communityof the area?
Response: A final paragraphhas been added to 5.2.2.1 d, on page 5-20, as
follows: "Extensivework has been performedover the past 6 years by the
University of Central Florida (formerly known as Florida Technological
University)under contract to NASA/KSC and with specific guidanceby the
American Institute of BiologicalSciences. This project establishedlO
referencesites and used permanenttransectsto determinestandard param-
eters for biological assay. For initial Space Shuttle flights, these
sites will be used for monitoringeffectson vegetationcommunitiesin the
area. Surveys, now under way by the U.S. Fish and Wildlife Service and
scheduled for completionby October 1979, will identify and locate en-
dangered and threatenedflora within the boundariesof the Merritt Island
NationalWildlife Refuge.
A vegetationmap of the area is includedin a pocket on the rear cover of
this EIS."
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11.3 COMMENTSRECEIVEDNOTREQUIRINGNASARESPONSE
All letters from the following agencies which did not elicit response from
NASAare included in this section:
Agency Page
State of Florida 11-40
Department of Administration
Division of State Planning
Room530 Carlton Building
Tallahassee, FL 32304
Department of Community Affairs 11-42
Department of Commerce 11-43
Department of Transportation II-44
Department of Natural Resources 11-45
Gameand Fresh Water Fish Commission 11-46
United States Department of Agriculture 11-47
Soil Conservation Service
State Office, P.O. Box 1208
Gainesville, FL 32602
Department of Housing and Urban Development 11-48
Area Office - Peninsular Plaza
661 Riverside Avenue
Jacksonville, FL 32204
United States Department of the Interior 11-49
Office of the Secretary
Washington, DC 20240
Department of State II-50
Bureau of Oceans and International Environmental
and Scientific Affairs
Washington, DC 20520
Department of State II-51
Agency for International Development
Washington, DC 20523
U.S. Department of Transportation 11-52
Federal Highway Administration
Region 4, P.O. Box 1079
Tallahassee, FL 32302
11-38
Agency Page
Department of the Treasury II-53
Assistant Director (Environmental Programs)
Washington, DC 20220
Federal Energy Regulatory Commission 11-54
Advisor on Environmental Quality
Washington, DC 20426
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STATE OF FLORIDA
Functioning as the state planning and development clearing-
house contemplated in U.S. Office of Management and Budget Circular
A-95, we have reviewed the following draft environmental impact
statement for the Kennedy Space Center, SAI 79-1989E.
During our review we referred the environmental impact statement
to the following agencies, which we identified as interested: Depart-
ments of Agriculture and Consumer Services, Commerce, Community Affairs,
Environmental Regulation, Natural Resources, State, Transportation, and
Game and Fresh Water Fish Commission.
Agencies were requested to review the statement and comment on
possible effects that actions contemplated could have on matters of
their concern. Letters of comment on the statement are enclosed from:
Departments of Agriculture and Consumer Services, Community Affairs.
Commerce, Natural Resources, Transportation and the Game and Fresh
Water Fish Commission have submitted letters of no comment.
We have reviewed this document and the state agency comments
thereon. Based upon this review, we find that this document very
adequately summarizes the environmental effects of the Kennedy Space
Center (KSC) ongoing operations and future operations and facilites
required for the Space Transportation program. We commend the KSC
staff for its past coordination activities with state agencies and
look forward to a continuing cooperative effort. The attached review
comments and questions submitted by the Department of Agriculture and
Consumer Services should be addressed in the final statement for
this project and we particularly request that the Center cooperate
closely with the Departments of Environmental Regulation and Natural
Resources regarding project permits and other activities that may
affect the areas natural resources.
l 1-40
Mr. A.M. Koller, Jr.
June 27, 1979
Page Two
We request that you forward us copies of the final environ-
mental impact statement prepared on this project.
Sincerely,
R.G. Whittle, Jr., Direct4i_
RGWjr:WKy
Enclosures
cc: Mr. John Bethea
Mr. Charles Blair
Mr. James Cullison
Ms. Joan Heggen
Mr. Joseph W. Landers, Jr.
Mr. W.N. Lofroos
Mr. H.E. Wallace
Mr. Robert Williams
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STATE OF FLORIDA
DEPARTMENTOF COMMUNITY AFFAIRS
BOB GRAHAM, GOVERNOR DIVISION OF TECHNICAL
ASSISTANCE
JOAN M. HEGGEN, SECRETARY
M-E-M-O-R-A-N-D-U-M
DATE: May 21, 1979
TO: Joseph Gerry
__AM
FROM: John H. Haslam_%/
SUBJECT: A-95 Review Comment, SAI:79-1989E
Staff review has been made of the Environmental Impact Statement
submitted by the National Aeronautics and Space Administration
(SAI:79-1989E); We feel the stabilizing effect the planned space
activities will have on the local economy will, in turn, be of
benefit to all of the State of Florida.
JHH/Ir *
Director... Local Government ... Housing Assistance ... Planning & Research ... Community D,:velopment
488-2356 488-7956 488-1536 488-2356 488-1536
2571 Executive Center Circle, East, Tallahassee, Florida 32301
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• D_vls[ozl of _tntP PT.-,,_,_;,w.
Room 530 Carlton Building _'
p
" TALLAHASSEE "_',_o°?*''''
• " t-_;V'<"._2304'/.".ii ' '* ¥¢lllece W.Hemd,r,_'_
SECRETARY _#' _.,._,. '"%"_."_._._/# ."r_, _ ..
•D_po,-t___tofco=_:o, ._ ._o/ DATE:_- FO 7/°
• Tal]ahassee,Florida32-3_,:_""_"::'_ 1" DUE •DATE: I
ATT:. " soB_CTsat: _?'_-_
_: Bureau of Intergovernmental Relations
O
The attached "424 Preapplication" serving as notification of intent to
ly for federal assistance is being referred to your agency for review and
_ent. Your revie;.t and comments should.address themselves to the extent to
fy that the project(s) is/are consistent with or contributed to the fulfill-
of your agency's plans or the achievement of sour projects, programs and
ctives. ,
If further information is required, you are urged to tele'phone the contact
on named on the preapplication for_. If a conference seems necessary,, or if
_.zish to• review the entire application, contact this office by telephone as
as possible. Please ,h_ck the appropriate box, attach any co¢_ents on your
cy's stationery and return to BIGR or telephone by the above due date. If v,'e
)t receive a response by the due date, _.;ewill assu_,e your agency has no adverse
._nts. -In both telephone conversation and written correspondence, please refer
_e SAI Number, -
• ._
-:
.% • :
"" LDri_TgLovell,Chief
Bureauof IntergovernmentalRelations
', °
sure
Bureau of ]ntergovernmental Relations
Department of Con_nerce - . "
_T SAt: 79-1989E • i,
l_oCo_ent--_ l '/_--- .. Conr_entsAttached
• \, i,
'on/Bureauof EconomicAnaiysis . .
• /L._ , !
HI II-43 . .
FROM: Bureau of I_tergovernmentalRelations MAY111979
DEPARTMENT OF
NATU_L R£_URO_
The attach._,d"Advance Notification" of-intent to apply for federal
assistance is being r_.ferrcdto your agency for review and comments. Your
review and comments s_ould address themselves to the extent to which the
project is consistent with or contributes to the !ulfillment of your agency'.s ..
plans or the achievem._ntof your projects, progrzms and objectives.
Xf further information is required, you are urged to telephone the
contact person named on the notification form.. If a conference seems necessary,
or if you wish to review the entire application, contact this office by telephone
as soon as possible. If you have no adverse com_._nts,you may wish to report
such by telephone. Please check the appropriate box, attach any comments on
your aoeney's stationery, and return to t_is offiLe or telephone by the above
due date. If we do not receive a response by the due date, we will assume
your agency has no adverse comments. In both telephone conversation and
written correspondence,please refer to the SAT n_mber. *
Slncerely,
! • •
Bureau of IntergoverrunentalRelations
Enclosure
TO: Bureau of IntergovernmentalRelations
FROH: Depar_nent of Natural F_sources
SUBJT_CT: Project Review and Comments, SAI: '79-1989E
adverse
_ st_ra_ivNO_o,T_nlents . _ CerementsAttached
• : _ . ..... . : ,
dmi i
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• STATE OF FLORIDA _. < _B
....... p.arlmenI of Rilmiui Irati.n
o.. (........z,.,., I..,_l........"r_" • • %%%t\q ,
a,,,:_,t,o _ _uivlslon of State Planning
'?.*.ergr:'aer_mo,otal l,_ieJ,:on:_ Reubln O'D. Aekew i
• [! 660 Apa|achee Parkway - IBM Buildln9 .,.q _" ,ov,,l_, |
bto T_LA__Assv.w _" '
lq.G. Whi Jr 32304 Lt. Oov. J. H. "Jim" WilliAm-,
..II-
STATE_ING _R£CrO_ P,F...CE|,_D seca,,,_, _ _.JN,.*A,io,, ;
I}_f-,tf_tO,__ (904) 488-2371 _.F_ _ . : , ,, ,,, .... ,_,_ "" '_..,'_
- t-." -'
TO: Mr. W. N. Lofroos,Chief DATE: " t
Bureau of Planning 5 _Y-- 7' ? :"Departmentof Transportation DUE DATE: _605 Suwannee Street
Tallaiv_ssee,Florida 32304
FROM: Bureau of IntergovernmentalRelations
/¢77 -I
SUBJECT: . , _.
t
The attached "AdvanceNotification"of intent to apply for federal '_
assistanceis being referred to your agency fo_:review and comments. Your _.
review and commo,:ts hould addressthemselves to the extent to which the A
project is consis:entwith or contributesto the fulfillmentof your agency's i
plans or the achi(:vementof your projects,programs,and objectives. _
If furti_erinformationis required,you are urged to telephonethe ?
contactperson named on the notificationform. If a conferenceseems necessary
or if you wish to review the entire application,contactthis office by telephone i
as soon as possible. If you have no adversecomments,you may wish to report ._i
such by telephone. Please check the appropriatebox, attach any commentson _i
your agency's stationery,and return to BIGR or telephoneby the above due II_i
date. If we do not receive a responseby the due date, we will assume your q
agency has no adversecomments. In both telephoneconversationand written
correspondence,please refer to the SAI.
Sincerely,/ /
: I_ing Love1l,Chief% /
Bureau of IntergovernmentalRelations
Enclosure
******************************************************************************
TO: Bureau of IntergovernmentalRelations
FROM: W.N. Lofroos,Departmentof Transportation
SUBJECT: ProjectReview and Comments,SAI:_ -"/_ _'_
x_imme nts _ Comments Attached
Signature _ / _ Date, _'- D'_* 9 _.
Title :_" "2 _ ,,.-t_'j°?t i_._.._,_ i Z"i'_--,
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"TO: Bureau of Intergover,_:..:_ntal ,Relations
F'ROI4:Game& Fresh ';ate)" Fish Co.-nission
SUBJECT: P:'oject P,evie;.: a:;d C......:_,u., SAI: 79-1989_
x_ '• I(o Co:;_;'ents
• _] Co.uat,nts Attacl_ed
Revi c.'.-;in.3 Az_e "
.Slgnat.ure: Date:" May 18, 1979
"-- "[Flt)o: D±reetoi", ee of" Environmental Ser_io,.s
• 11-46/ •
UNITED STATES DEPARTMENT OF AGRICULTURE
SOIL CONSERVATION SERVICE
State Office, P. O. Box 1208, Gainesville, FL 32602
June 28, 1979
Arnold W. Frutkin
Associate Administrator for
External Relations
National Aeronautics and
Space Administration
Washington, D.C. 20546
Dear Mr. Frutkin:
RE: Draft Environmental Impact Statement for the
National Aeronautics and Space Administration (NASA)
Kennedy Space Center
We have reviewed the subject draft environmental impact statement and
we have no constructive comments to offer.
We appreciate the opportunity to review and comment.
Si:
E. Austin
State Conservationist
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,,," I_ _ DEPARTMENT OF HOUSING AND URBAN DEVELOPMENT
:_i _U,IUI,U"1"
• "_, ,_" PENINSULAR PLAZA
661 RIVERSIDE AVENUE
REGION IV JACKSONVILLE, FLORIDA 32204Pershing Point Plaza
1371 Peachtree Street, N.E.
At_a,_ta.Georg,a3030_ MAY2 2 1878 ,. ,_,..Y,,_E,_-,-o,h.6ss
Mr. Arnold W. Fratkin
Associate Administrator for
External Relations
National Aeronautics and
Space Administration
Washington, D. C. 20546
Dear Mr. Fratkin:
The Draft Environmental Impact Statement for the John F. Kennedy Space
Center has been received by this office.
We have reviewed the statement with regard to the environmental aspects
related to proposed or ongoing Department of Housing and Urban Develop-
ment programs in the immediate area, and have no comment to offer.
The opportunity to review this Environmental Impact Statement is appre-
ciated.
Sincerely, _"
Everett H. Rothschild
Area Manager
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€.-. .__. United States Department of the Interior
OFFICE OF THE SECRETARY
WASHINGTON, D.C. 20240
In Reply Refer To:
ER 79/396 JUN20 Bl9
Mr. ArnoldW. Frutkin
AssociateAdministratorfor
External Relations
NationalAeronauticsand
Space Administration
Washington,DC 20546
Dear Mr. Frutkin:
The Departmentof the Interiorhas reviewedthe draft environmental f
impact statementfor the KennedySpace Center,as requestedby your
letterof April 12, 1979.
We find the document to be generallyadequatein addressingthe areas
of our interestand expertise,and we have no commentsto offer.
Weappreciate the opportunity .to review thj.s_document.
Laity E. Meierotto
i_a_r SECRETARY
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OEPARTMENTOSTATEWashington, D.C. 20520
BUREAU OF OCEANS AND INTERNATIONAL
ENVIRONMENTALAND SCIENTIFIC AFFAIRS
.-
June 8, 1979
Dr. Albert M. Koller, Jr.
Chief, Environmental Management
Staff
Code DF
National Aeronautics and
Space Administration
Kennedy Space Center, Florida 32899
Dear Dr. Koller:
Officers of the Department of State have
appreciated the opportunity to review the
Administration's Draft Environmental Impact
Statement for the Kennedy Space Center. The
Department of State has no comments to make on
the statement.
Sincerely yours,
Donald R. King " _
Director, Office of
Environmental Affairs
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DEPARTMENT OF STATE
AGENCY FOR INTERNATIONAL DEVELOPMENT
WASHINGTON, D.C. 20523
Aprll26,1979
Mr. ArnoldW. Frutkln
AssociateAdministratorfor
ExternalRelations
NationalAeronauticsand
SpaceAdministration
Washington,D. C. 20546
DearMr. Frutkln:
We appreciatethe opportunityto review the draft EIS prepared for
the operationof the KennedySpace Center. It is most completeand
in far more detailthan we would ever expect to prepare for scme of
our developmentassistanceactivities. Our evaluationsare only
carriedout when we determinethat there is a likely significant
impact on the envlrorm_nt. Your study,however, describesno such
impact.
We have no commentsor suggestionsto make that would help in
finalizingthis draft.
Sincerelyyours, -_
/
{ C. Printz,J_'.
EnvironmentalAffairsCoordinator
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U.S. DEPARTMENT OF TRANSPORTATION
A FEDERAL HIGHWAY ADMINISTRATIONm _i. • Region Four
%_ P.O. Box 1079
Tallahassee, Florida 32302
June 13, 1979
In Reply Refer To=. _C--_-.J
Dr. Albert M. Koller, Jr., Chief
Environmental Management Staff
Code DF
National Aeronautics and Space
Administration
Kennedy Space Center, Florida 32899
Dear Dr. Koller:
Subject: Florida - Kennedy Space Center
We received a copy of the draft environmental
statement for the environmental effects of acti-
vities at the Kennedy Space Center.
We have reviewed your environmental document and
have considered the proposed project in relation to
responsibilities of this office in administering the
Federal-aid highway program in Florida. Since the
proposed work should not have any effect on highway
transportation facilities, we have no comments con-
cerning the proposed project.
The above finding does not in any way commit our
cooperating State agency, the Florida Department of
Transportation (FDOT). We assume that comments will
be solicited from FDOT through Clearinghouse proce-
dures required by Bureau of the Budget Circular A-95.
Sincerely yours,
P. E. Carpenter
Division Administrator
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DEPARTMENT OF THE TREASURY
WASHINGTON, D.C. 20220
June Ii, 1979
Dear Mr. Frutkin:
Thank you for forwarding a copy of the Draft Environ-
mental Impact Statement for the Kennedy Space Center. This
Department has no comment on the draft, i ///_
/Y/i .
Sin er , ' ,
° AnthOfi_ V. DiSilvestre
Assistant Directoi (Environmental Programs)
Office of Kdministrative Programs
Mr. Arnold W. Frutkin
Associate Administrator for
External Relations
National Aeronautics and
Space Administration
Washington, D.C. 20546
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FEDERAL ENERGY REGULATORY COMMISSION
WASHINGTON, D.C. 20426
IN REPLY REFER TO;
April 25, 1979
Mr. Arnold W. Frutkin
National Aeronautics and Space
Administration
Washington, D. C. 20546
Dear Mr. Frutkin-
I am replying to your request of April 12, 1979 to the
Federal Energy Regulatory Commission for comments on the Draft
Environmental Impact Statement for the National Aeronautics and
Space Administration (NASA) Kennedy Space Center. This Draft EIS
has been reviewed by appropriate FERC staff components upon whose
evaluation this response is based.
The staff concentrates its review of other agencies' envi-
ronmental impact statements basically on those areas of the
electric power, natural gas, and oil pipeline industries for
which the Commission has jurisdiction by law, or where staff
has special expertise in evaluating environmental impacts involved
with the proposed action. It does not appear that there would be
any significant impacts in these areas of concern nor serious
conflicts with this agency's responsibilities should this action
be undertaken.
Thank you for the opportunity to review this statement.
Sincerely,
•_: .. / /"
'7/ .. 1.1 _s
if')
_r'_'_ .Jack M. l_einemann
Advisor on Environmental Quality
APPENDIXA
ABBREVIATIONS,ACRONYMS,ANDCONVERSIONFACTORS
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APPENDIXA
ABBREVIATIONS,ACRONYMS,ANDCONVERSIONFACTORS
abbrev abbreviation
ACGIH American Conference of Governmental Industrial Hygienists
A/C aircraft
AEC Atomic Energy Commission
AFB Air Force Base
AFETR Air Force Eastern Test Range
AFWTR Air Force Western Test Range
alt altitude
a.m. ante meridiem
amt amount
ann annual
APS Aft Propulsion System
APU Auxiliary Power Unit
ARCS .Aft Reaction Control Subsystem
ASE Airborne Support Equipment
assy assembly
avg average
BA Base Annual
BC before Christ
BEST Booster Exhaust Study Test
BLD Base Launch Dependent
bldg building
BOD biochemical oxygen demand
Btu British thermal unit
Btu/hr British thermal units per hour
C Celsius (Centigrade)
CBI Chesapeake Bay Institute
CCAFS Cape Canaveral Air Force Station
CCF Converter/Compressor Facility
CEQ Council on Environmental Quality
ClF Central Instrumentation Facility
CITE Cargo Integration Test Equipment
cm centimeter
cm2 square centimeter
cm3 cubic centimeter
CNS Canaveral National Seashore
cu cubic
CY calendar year
dB decibel
dBA decibel (measured with an "A weighted" frequency network)
DE Design Engineering Directorate (KSC)
deg degree
DER Department of Environmental Regulation (Florida)
DM demineralized (water)
DO dissolved oxygen
A-2
ABBREVIATIONSANDACRONYMS(cont)
DOD Department of Defense
DOI Department of the Interior
ECLSS Environmental Control and Life Support Subsystem
ECS Environmental Control System
E&I Electronics and Instrumentation
e.g. for example
EIS Environmental Impact Statement
ELV Expendable Launch Vehicle
E.O. Executive Order
E&O Engineering and Operations (Building)
EPA Environmental Protection Agency
eqmt equipment
ESA Explosive Safe Area, European Space Agency
ET External Tank
etc. and so forth
et seqq and the following (ones)
F Fahrenheit
Fac Facility
FCSB Flight Crew Support Building
FHA Federal Housing Administration
FRCS Forward Reaction Control Subsystem
FSS Fixed Service Structure
ft foot
ft 3 cubic foot
FTS Federal Telecommunications System
FWGPM Federal Working Group on Pest Management
FWPCA Florida Water Pollution Control Act
FWS Fish and Wildlife Service
FY fiscal year
g gram
GAS Get-Away-Special
GFE Government-furnished equipment
g/cm2, gm/cm2 grams per square centimeter
gm/km grams per kilometer
GSA General Services Administration
GSE ground support equipment
.HDQS headquarters
HIM Hardware Interface Module
HMF Hypergol Maintenance Facility
HPU Hydraulic Power Unit
hr hour
Hz hertz
i.e. that is
in inch
IUS Inertial Upper Stage
A-3
ABBREVIATIONSANDACRONYMS(cont)
JSC Johnson Space Center
K Kelvin
KARS Kennedy Athletic, Recreation, and Social Organization
kg kilogram
kg/m2 kilograms per square meter
kj kilojoule
kj/hr kilojoules per hour
kl kiloliter
km kilometer
kmh, km/h _ kilometers per hour
KSC Kennedy Space Center
kV kilovolt
kW ki I owatt
kWh kil owatthour
LAir liquid air
Ib pound
LC Launch Complex
LCC Launch Control Center
LETF Launch Equipment Test Facility
LPS Launch Processing System
LV Launch Vehicle
m meter
m2 square meter
m3 cubic meter
max maximum
mg/l^ milligrams per liter
mg/mj milligrams per cubic meter
MCC-H Mission Control Center - Houston
MDD Mate/Demate Device
M.I. Merritt Island
min minimum, minute
ml milliliter
MLP Mobile Launcher Platform
MMH monomethylhydrazine
mph miles per hour
MSA Marshall Sprayable Ablator
MSBLS Microwave Scanning BeamLanding System
MSFC Marshall Space FlightCenter
MTA Marshall Trowelable Ablator
m/sec meters per second
msl mean sea level
m.t. metric ton
mV millivolt
mW/cm2 milliwatts per square centimeter
N Newton
NASA National Aeronautics and Space Administration
N/m2 Newtons per square meter
A-4
ABBREVIATIONSANDACRONYMS(cont)
nitr. nitrate
nmi, n.mi. nautical mile
no. number
NOAA National Oceanic and Atmospheric Administration
NPDES National Pollutant Discharge Elimination System
NPS National Park Service
NWR National Wildlife Refuge
O&C Operations and Checkout (Building)
OBQ Onboard Quantity
OLF Orbiter Landing Facility (now SLF)
OMS Orbiter Maneuvering Subsystem
OPF Orbiter Processing Facility
OSHA Occupational Safety and Health Administration
PAMS Permanent Air Monitoring System
part parti cul ate
PBAN polybutadiene acrylonitrile (propellant binder)
PBK Payload Bay Kit
PCB polychlorinated biphenyls
phos. phosphate
p.m. post meridiem
POL petroleum, oil, and lubricants
ppb parts per billion
PPF Payload Processing Facility
ppm parts per million
ppt parts pe_ thousand
PRF Parachute Refurbishment Facility
proc processing
PRSD Power Reactant Supply and Distribution
psf pounds per square foot
psi pounds per square inch
psia pounds per square inch, absolute
psig pounds per square inch, gage
rcd recorded
RCS Reaction Control Subsystem
R&D research and development
RDF Recovery and Disassembly Facility
REED Rocket Exhaust Effluent Diffusion (computer program)
refurb refurbish(ment)
rf radio frequency
RP-I Rocket Propellant No. I (kerosene)
RSF Refurbishment and Subassembly Facility
RSS Rotating Service Structure
RTG Radioisotope Thermoelectric Generator
SAEF Spacecraft Assembly and Encapsulation Facility
sal salinity
SAMS Surface Air Monitoring Station
A-5
ABBREVIATIONSANDACRONYMS(cont)
SCAPE Self-Contained Atmospheric Protective Ensemble
sec or s second
SLF Shuttle Landing Facility (formerly OLF)
SMAB Solid Motor Assembly Building
SPL sound pressure level
spp species
sq square
SRB Solid Rocket Booster
SRM Solid Rocket Motor
SSME Space Shuttle Main Engine
SSUS Spinning Solid Upper Stage
SSUS-A SSUS-Atlas
SSUS-D SSUS-Delta
SSV Space Shuttle Vehicle
st dev standard deviation
STP standard temperature and pressure
STS Space Transportation System
subassy subassembly
TAEM Terminal Area Energy Management
temp temperature
TLV threshold limit value
TPS Thermal Protection Subsystem
TRS Teleoperator Retrieval System
turb. turbidity
TV television
TVC Thrust Vector Control
TWR tower
UCS Utility Control System
UDMH unsymmetrical dimethylhydrazine
ULV ultra low volume
U.S. United States
USAF United States Air Force
USB Unified S-Band
U.S.C. United States Code
USCGS United States Coast Guard Station
U.S.S.R. Union of Soviet Socialist Republics
VAB Vehicle Assembly Building
VIB Vertical Integration Building
VIC Visitors Information Center
VOC Volatile Organic Compounds
VPF Vertical Processing Facility
WHOI Woods Hole Oceanographic Institute
yr year
_P differential pressure
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CHEMICALSYMBOLS
A1203 aluminum oxide
CI, C12 chlorine
CO carbon monoxide
CO2 carbon dioxide
GH2 gaseous hydrogen
GN_ gaseous nitrogenO seous oxygen
He hel i um
H2 hydrogen
HC hydrocarbons
HCl hydrogen chloride
LH2 liquid hydrogen
LN2 liquid nitrogen
L02 liquid oxygen
N2 nitrogen
N204 nitrogen tetroxide
NOx oxides of nitrogen
_ oxygen2 sulfur dioxide
SOx oxides of sulfur
CONVERSIONFACTORS
Linear
1 centimeter = 0.3937 inch 1 in = 2.54 cm
1 centimeter = 0.0328 foot 1 ft = 30.48 cm
1 meter = 3.2808 feet 1 ft = 0.3048 m
1 meter = 0.0006 mile 1 mi = 1609.3440 m
1 kilometer : 0.6214 mile 1 mi : 1.6093 km
1 kilometer = 0.5396 nautical mile 1 nmi = 1.8520 km
Area
1 square centimeter = 0.1550 square inch i in 2 = 6.4516 cm2
1 square meter = 10.7527 square feet 1 ft 2 : 0.0930 m2
1 square kilometer : 0.3861 square mile 1 mi2 = 2.5900 km2
1 hectare = 2.4710 acres 1 acre : 0.4047 ha
Volume
1 cubic centimeter = 0.0610 cubic inch 1 in 3 = 16.3934 cm3
1 cubic meter : 35.3357 cubic feet 1 ft 3 = 0.0283 m3
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CONVERSIONFACTORS(cont)
liter = 1.0567 quarts 1 qt = 0.9463 1
liter = 0.2642 gallon 1 gal = 3.7844 1
kiloliter = 264.2 gallons 1 ga] = 0.0038 kl
Weight
gram = 0.0353 ounce 1 oz = 28.3286 g
kilogram = 2.2046 pounds 1 Ib = 0.4536 kg
metric ton = 1.1023 tons I ton : 0.9072 m.t.
Energy
joule = 0.0009 Britishthermalunit 1 Btu = 1060.4 j
joule = 0.2392 gram-calorie l g-cal = 4.181 j
Pressure
Newton/square ineter = 0.0208 pound/square foot 1 psf = 48 N/m2
Thrust
pound (of thrust) = 4.4 Newtons 1N (of thrust) = 0.2273 Ib
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C.l INTRODUCTION
In recognition of the extent and diversity of endangered and threatened spe-
cies at the Kennedy Space Center (KSC) and the importance of understanding the
effect of KSCoperations on their continued existence, extensive work has been
carried out by the University of Central Florida under contract to KSCand by
the Fish and Wildlife Service at the Merritt Island National Wildlife Refuge.
This document contains maps showing the KSC range of II endangered and
threatened fauna on the Federal list.
The endangered and threatened species on the Federal and State lists, together
with a census, are listed in table C-I. Species which breed in the Merritt
Island National Wildlife Refuge are indicated on the table. The breeding and
population data were supplied by the Merritt Island National Wildlife Refuge.
The Wildlife Refuge boundaries coincide with those of the Kennedy Space Center
(see figure C-I). The Florida Committee on Rare and Endangered Plants and
Animals, under the sponsorship of the Florida Audubon Society and Florida De-
fenders of the Environment, has prepared a report entitled "Inventory of Rare
and Endangered Biota of Florida," dated July 1976. That report was used ex-
tensively in the preparation of this document, including the contributors and
their referenced articles as credited herein. Bibliographic data have been
omitted from this document, but can be obtained from the report.
Table C-Io KSCArea Endangered and Threatened Species - 1978
Status Population - M.I. National Wildlife Ii,ef_ige
Fed, State Breed Spring Sumner Fall Winter
Florida Manatee E T Yes 30-50 30-80 50-80 0-50
Eastern Brown Pelican E T Yes 1000-1400 1000-1400 800-11(10 800-1100
Southern Bald Eagle E T Yes 12-15 4-6 I0-12 10-12
Arctic Peregrine Falcon E E No 4-12 0 12-20 4-8
Dusky Seaside Sparrow E E Yes 2 2 2 2
Atlantic Ridley Turtle F. E No 5-10 5-10 5-10 5-10
AmericanAIIigafor T T Yes 5000 5000 5000 5000
Atlantic Salt Marsh Snake T E Yes * * * *
Eastern Indigo Snake [ T Yes _ * * *
Atlantic LoggerheadTurtle T T Yes 400-600 10(I{)-1200400-600 400-600
Atlantic Green Turtle E E Yes 100-150 110-160 110-150 100-150
Gopher Turtle T Yes 13,800 13,800 13,000 13,00,0
Wood Stork T Yes 250-350 50-300 200-500 200-500
Osprey T Yes 10-20 20-40 20-30 10-20
SoutheasternKestrel T No O-lO 0 20-50 30-50
Eeast Tern T Yes 100-300 300-400 50-100 0
Roseate Fern T No * * * *I
Florida Scrub Jay T Yes * * • k
American Oystercatcher T No * * * *
Magnificent Frigatebird T No 0 I0-15 5-10 0
Florida Mouse T Yes * * * *
• Census inventory or inferential data now heing collected for thesespecies.
C-3
u$
\
TO ORLANDO
40 MILES DUE WEST
_OMETERS
KENNEDY
- SPACE CENTER
FigureC-I. KennedySpace Center/MerrittIslandNationalWildlife
Refugeand Vicinity
C-4
C.2 FLORIDAMANATEETrichechus manatus; Order: Sirenia; Family: Trichechidae;
Other Name: Sea Cow
C.2.1 DESCRIPTION. This is a massive, fusiform, thick-skinned, nearly hair-
less aquatic mammal. The forelimbs are paddlelike, the hind limbs lacking,
and the tail horizontally flattened. Its color is grey to grey-brown. The
upper lip is cleft, lobed, fleshy, and set with bristles. Sexes are similar
except for the position of the genital aperture. Maximumrecorded weight is
680 kilograms and average weight is between 360 and 540 kilograms. Maximum
recorded length is 4.6 meters and average length is 3.0 meters.
C.2.2 RANGE. The range of the Manatee includes the Atlantic and Gulf coasts
of the Florida peninsula, Gulf, Caribbean, and Atlantic shores of Central and
South America from Mexico to northern Brazil. The range in the West Indies is
uncertain. There have been recent sightings from Cuba and Puerto Rico,
The Manatee's distribution in the United States has changed little in histori-
cal times. Peninsular Florida is the focus of the species' range. The ap-
pearance of Manatees in Georgia is seasonal and relatively uncommon, in South
Carolina exceptional. Manatees were formerly seen in Texas, probably migrants
from Mexico; last Texas sighting was in 1937. On the Gulf coast of Florida
the distribution of Manatees is continuous from Whitewater Bay to Charlotte
Harbor. North of Charlotte Harbor, Manatees are found in semi-isolated popu-
lations in Hillsborough, Citrus, and Levy Counties. On the Atlantic coast the
Manatee's range is uninterrupted from the Upper Keys to the St. Marys River
and includes the lower St. Johns watershed from Lake Monroe north. The focus
of abundance on the Atlantic Coast appears to be between New Smyrna Beach
(Volusia County) and the St. Lucie River (Martin County). The focus of abun-
dance on the Gulf Coast is apparently from Charlotte Harbor (Charlotte County)
through the Ten Thousand Islands (Collier County).
C.2.3 HABITAT. Manatees inhabit sluggish rivers, shallow estuaries, and
saltwater bays. Populations tend to be concentrated in select estuarine and
riverine habitats, notably the spring-fed rivers of Citrus County, the Little
Manatee River, the Myakka and Peace Rivers, the Caloosahatchee River, the
Fakha Union Canal, the Miami River, the St. Lucie River, the Indian River, the
Banana River, and the St. Johns River. Factors that appear to affect choice
of habitat include (I) availability of vascular aquatic vegetation, (2) prox-
imity to channels of at least 2 meters in depth, (3) recourse to warm water
during winter cold snaps, and (4) a source of fresh water. Twenty-five warm-
water refugia, 6 natural and 19 manmade, have been located in Florida. The
sites of these refugia strongly influence the movements of Manatees from
October to April.
C.2.4 LIFE HISTORYAND ECOLOGY. Manatees are weakly social, essentially sol-
itary animals. Cohesive associations are formed only when males pursue an
estrous female. Estrous females are polyandrous. Gestation is believed to
last 385 to 400 days. The species is primarily uniparous; twins are rare.
Calves are born and nursed in water. The family unit consists of mother and
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offspring. The reproductive rate is probably one calf per adult female every
2 to 2-I/2 years. There is no well-defined breeding season. Estimated age at
reproductive maturity is 4 to 6 years. Longevity is unknown, although cap-
tives have lived over 25 years.
The diet is strictly herbivorous but highly diverse, ranging from algae to
terrestrial plants. Submerged vascular vegetation such as Hydrilla, Elodea,
Ceratophyllum, Myriophyllum, Vallisneria, Ruppia, Diplanthera, Syringo-_6-dTO-m,
and Thalassia is preferred. Manatees also feed extensively on water hyacinth,
Eichornia.
Manatees migrate between favored habitats and in response to cold. During the
winter, cold-induced congregations form at springs and the discharges from
power plants. Evidence suggests that some Manatees are nomadic and migrate
hundreds of kilometers along the coast while others are more sedentary.
There are no known predators except man. Pleurisy and bronchial pneumonia
from cold exposure are held responsible for deaths of animals in captivity.
C.2.5 SPECIALIZED OR UNIQUE CHARACTERISTICS. Pachyostosis increases the
Manatee's specific gravity and may function in maintaining neutral buoyancy.
The Manatee's cheek teeth, subject to constant wear from sand and silt in its
food, are replaced consecutively from the rear.
Manatees have been used as agents of aquatic weed control and have been sug-
gested as a potential source of protein in developing countries. The slow re-
productive rate and failure to breed in captivity have discouraged large-scale
efforts at husbandry.
C.2.6 BASIS FOR STATUSCLASSIFICATION. The total number of Manatees in the
United States is estimated between 750 and 850, with 1,000 the conceivable
maximumand 600 the conceivable minimum. The populations on the Atlantic and
Gulf coasts of Florida are believed to be isolated. The estimated number of
animals on the Gulf Coast is 350 to 400, compared with 400 to 450 on the
Atlantic Coast and St. Johns River. Exploitation in the 17th, 18th, and 19th
centuries is thought to have reduced the number of Manatees from several thou-
sand to their current population level. The present level of abundance may
reflect a gradual increase in numbers since the Depression and World War II
when Manatees were heavily poached.
A slow decrease in Manatee numbers is foreseen in the years to come. The
principal threats to the survival of Manatees in Florida are, in order of mag-
nitude: (I) the propellers of power boats, (2) vandalism, (3) poaching, and
(4) habitat destruction. As the human population grows, so will the incidence
of propeller kills and vandal attacks. There is reason to believe the Manatee
population in southeast Florida has already declined as a result of increased
boat traffic. Dredging and water pollution destroy the Manatee's food re-
sources, but dredging also opens channels, providing Manatees with routes of
access to new habitat. The recent increase in the number of power plants has
reduced the danger of Manatees succumbing to cold.
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C.2.7 SPECIESSTATUS. The marine waters of Merritt Island National Wildlife
Refuge provide feeding and breeding habitat for the Manatee. Approximately 80
animals can be found in these waters. There are a number of favorite areas in
and around the Refuge where the Manatee can be located. These include the
barge canal depot of Cape Canaveral Air Force Station and the warm water dis-
charge of the electric power plants into the Indian River. The warm water
discharge areas are a favorite cold weather resting area.
The Refuge is cooperating with the U.S. Fish and Wildlife Laboratory in
Gainesville, Florida, in conducting extensive Manatee research. This research
includes tagging and radio telemetry work to determine migration and movement
patterns. The Refuge is also engaged in an education program to inform the
public about the harmful effects of high-speed pleasure boat operation in
waters containing Manatee population. Two areas of the Refuge, the llaulover
Canal and the Hangar AF Turning Basin, have been designated "Slow Speed-No
Wake" zones to reduce the possibility of injury to Manatees from propeller
blades.
Particular care is given to KSC operations which take place adjacent to or
within waters which provide habitat for the Florida Manatee. Barge and marine
support activities will operate at restricted speeds and shallow water opera-
tions will be prohibited. This type of traffic is expected to be about the
same in volume as was experienced during the Apollo program. Retrieval ves-
sels designed for SRB and parachute recovery will be equipped with propellor
guards and recessed steering units to avoid inflicting the cuts which are the
major cause of Florida Manatee deaths. Formal consultation has been requested
from the Department of the Interior, U.S. Fish and Wildlife Service, but no
operations are expected to jeopardize the continued existence of the Manatee
or adversely modify critical habitat.
The range of the Florida Manatee at KSCis shown in figure C-2 which follows.
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C.3 EASTERNBROWNPELICAN Pelecanus occidentalis carolinensis; Order:
Pelecaniformes; Family: Pelecanidae
C.3.1 DESCRIPTION. The Brown Pelican is the familiar year-round resident
pelican of the Florida coast. The long bill and dangling gular pouch are
characteristic. The sexes are similar in plumage. Males average slightly
larger than females. Adults have a black belly and grey wings and back. The
head and neck undergo complicated plumage changes on an annual cycle. The
head is yellow from early fall through the winter. White feathers replace the
yellow ones after pair formation, usually in February to April. The neck is
white in the fall and winter and molts rapidly to dark brown-black just as
breeding begins. During the spring and summer these feathers wear and are re-
placed with white in August to October. The coloration of the bill, eye, and
facial skin also undergoes an annual cycle. Brown Pelicans with white necks
do breed, and the timing of the annual cycle differs throughout the state and
is irregular in many locations. Immature birds have a white belly and brown
back, wings, head, and neck. This plumage changes gradually to the adult col-
ors during a 3- to 5-year period, with females generally assuming adult plum-
age at a younger age than males.
C.3.2 RANGE. On the Pacific coast, the Brown Pelican ranges from British
Columbia to southern Chile and breeds from California through northern Chile.
On the eastern seaboard they breed from North Carolina through the Gulf
States, Mexico, the West Indies, on manY islands in the Caribbean, and to
Guyana in South America. Pelecanus occidentalis carolinensis breeds in North
Carolina, South Carolina, Florida, Texas, Louisiana, Cuba, and Panama. How-
ever, the Texas and Louisiana populations declined drastically in the 1950's,
and fewer than 500 pelicans exist in those states today. The last year of
known nesting by native pelicans in Louisiana was 1966. Nestlings from east-
ern Florida were introduced in the late 1960's and early 1970's and these
birds are now breeding in Louisiana in small numbers, although Endrin poison-
ing in the spring of 1975 killed several hundred birds. The California popu-
lation declined drastically in the late 1960's. That population and the birds
in Baja California are currently under close scrutiny. Aerial surveys of
Florida indicate a stable adult breeding population of 6,000 to 8,000 pairs
during the past 6 years with an estimated total population of fewer than
30,000 birds. The status of the species elsewhere in its range is unknown or
poorly understood.
C.3.3 HABITAT. In Florida, Brown Pelicans nest primarily in mangrove trees
from 0.6 to II meters above high tide line. Nesting is confined to coastal
islands, sometimes near human habitation and fewer than 50 islands are used as
colonies in the state. Colonies may contain from I0 to 1,500 pairs, with a
hundred pairs occurring most commonly. Feeding occurs primarily in shallow
estuarine waters but birds are seen as far as 32 to 64 kilometers offshore,
rarely farther. Sand spits and offshore sand bars are used extensively as
daily idling and nocturnal roost areas. Pelicans, especially newly fledged
young, frequent fishing piers and are a commonsight at fish cleaning stations
where scraps are available.
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C.3.4 LIFE HISTORYAND ECOLOGY. Brown Pelicans plunge dive for food, exclu-
sively fish, with Brevoortia, Mugil, Sardinella, and La_odon forming the bulk
of the diet in Florida. Nests are bulky structures with green leafy material
lining the cup. Three eggs constitute the maximum clutch size. Larger
clutches are probably laid by more than one female and are rare. Incubation
requires 30 days. Nestlings hatch naked, are downy white by 2 weeks of age,
and fledge at II to 12 weeks. Fledging success is dependent on food avail-
ability. First-year mortality is 70 percent, mostly a result of starvation
because the young are less efficient at fishing than are adults. All court-
ship activity is confined to the nest site. Males carry nesting material to
the female and she builds the nest. The male and female both share incubation
and chick-raising duties. Molt of the major flight feathers and coverts
occurs during the nonbreeding season. Florida's pelicans are separated into
east and west coast populations. The species is highly gregarious. They fly
vigorously and also soar and glide readily.
C.3.5 SPECIALIZEDORUNIQUECHARACTERISTICS.To Florida residents and tour-
ists alike, the Brown Pelican standing on a piling or gliding over the waves
is a familiar sight. Other than the winter resident White Pelican, the Brown
Pelican is the sole representative of its family in Florida. It is the only
pelican species that dives for its food. As a top carnivore known to be sens"
itive to some forms of pollution, the Brown Pelican serves as an excellent in-
dicator species for the quality of the marine-estuarine environment.
C.3.6 BASIS FORSTATUSCLASSIFICATION. The Brown Pelican was essentially ex-
tirpated as a breeding species in Louisiana and Texas before anyone was aware
of a problem. The reason why over 40,000 pelicans disappeared in less than a
decade remains unexplained. The California breeding population has recently
declined in numbers. In California, DDT contamination caused the females to
lay thin-shelled eggs, with an attendant decline in reproductive success. The
Florida adult population is presently stable, but many factors are operating
that could change this status: approximately 3 percent of all eggs checked on
Florida's west coast in the past 5 years have been thin shelled and crushed,
attributable to DDT. Human disturbance in nesting colonies causes signifi-
cantly decreased hatching and fledging success. Increased human activity on
sand spits and beaches where birds idle during the day and roost for the night
causes considerable disturbance. Productivity and survival are intricately
related to fish availability and any factor or combination of factors
affecting fish population could drastically affect the pelican population. A
significant number of pelicans (500 or more) are killed each year after being
caught on fish hooks and ensnared in monofilament line with ensuing
entanglement in mangrove trees. Shooting and other malicious killing and
maiming also occur.
C.3.7 SPECIESSTATUS. The Merritt Island National Wildlife Refuge will have
peak populations of up to 1,400 Brown Pelicans in the Spring and Summer. The
increase in population is caused by breeding activities in and around the
Refuge. The Refuge contains one breeding colony of Brown Pelicans located at
Bird Island in Mosquito Lagoon. This colony averages 300 nesting pairs of
pelicans. Pelican/fishermah conflicts have developed with an occasional Brown
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Pelicanbeing killedby monofilamentfishingline entanglement. Althoughthis
molestingof the birds is illegal,it is difficultto control because of the
number of potentialpelican/fishermanencounters. The Refuge annuallysurveys
the populationand investigatesthe status,condition,population,and produc-
tivity of the Bird Islandcolony.
Assessmentsof constructionand operationsactivities at KSC have not iden-
tified any impactswhich might be expectedto jeopardizethe existenceof this
species.
The range of the Eastern Brown Pelican at KSC is shown in figure C-3 which
follows.
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FigureC-3. KSC Range of the EasternBrown Pelican
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C.4 SOUTHERNBALD EAGLE Haliaeetus_l. leucocephalus; Order: Falconiformes;
Family: Accipitridae; Other Names: White-Headed Eagle, American Eagle, Black
Eagle (immatures)
C.4.1 DESCRIPTION. Adults are unmistakable large raptors (total length, 1
meter, wingspread, about 2 meters; females distinctly larger than males) with
a white head and tail, blackish to dark brown body and wings, and yellow eyes,
bill, and feet. Juveniles are uniformly chocolate-brown, sometimes consider-
ably mottled with white on the tail, belly, and wing linings. Older immatures
and subadults are dull brown, much lighter in color than juveniles, with ex-
tensive and extremely variable whitish mottling. By their fourth year, most
immatures acquire a plumage pattern that approximates the adult, but commonly
they still have a dusky mottling on the nape and several brownish feathers in
the tail. Southern (1964, 1967) summarized the probable age-related plumage
changes of immature and subadults and suggested that traces of immature plum-
age are retained as late as the sixth year.
C.4.2 RANGE(OF THE SUBSPECIES). Formerly distributed across the continent
from northern California, New Mexico, Oklahoma, Kentucky, and southeastern
Virginia south to the Florida Keys, the Gulf coast, southern Texas, the south-
western United States, and Baja California, the range is difficult to define
because the southern and northern subspecies intergrade in a broad belt across
the middle of the United States and because seasonal movement brings birds of
each subspecies into the range of the other. The eagle is now gone as a nest-
ing species from most of its former range in the interior and greatly reduced
in numbers in most coastal areas. Outside Florida, the surviving population
of the Southern Bald Eagle is probably fewer than 50 breeding pairs, found
mostly along the coasts of California, Texas, Louisiana, and the South
Atlantic States.
In Florida, the eagle was once almost ubiquitous, nesting from the Lower
Florida Keys along the state's entire coastline and near larger lakes and
rivers throughout the interior. The original population of Florida must have
been well in excess of 1,000 breeding pairs. The numbers nesting along the
middle Gulf and Atlantic coasts of the peninsula (notably around Tampa Bay and
in Brevard and Volusia Counties, particularly Merritt Island) were among the
densest breeding concentrations of a large raptor known anywhere on Earth.
The population had decreased markedly in some sections by the mid-1930's
(Howell, 1937) and declined sharply in many coastal areas after the late
1940's (Broley, 1950). The eagle is now absent or rare as a breeder along
well-settled parts of the Florida coast and the population is still decreasing
in the state at large.
Principal nesting concentrations are found along the extreme southwest coast
and in Florida Bay; along the Gulf coast from Pinellas County to the mouth of
the SuwanneeRiver; and along the St. Johns-Oklawaha River system from Brevard
County to southern Alachua County. Probably no nesting eagles remain in the
Florida panhandle west of the Apalachicola River, along the northeast coast
from Flagler County northward, and along the southeast coast of the peninsula
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from Palm Beach (possibly Indian River) County south. The known total of 274
active nests undoubtedly underestimates the present Florida population, be-
cause some parts of the state have not been adequately surveyed in recent
years. Areas that may hold additional nests are: interior central Florida;
the northern Gulf coast between the Suwannee River and St. Marks; coastal
Brevard and Volusia Counties; the St. Johns River from Palatka north; and in-
terior north-central Florida along the Suwannee River and its tributaries.
Considering all possibilities, it appears that 300 to 325 breeding pairs are a
close estimate of the existing Florida population of Bald Eagles. Available
data do not sustain a recent statement that the Florida population may number
from 500 to 1,000 nesting pairs (Nickerson, 1973).
Details of distribution in several specific regions of Florida are as follows.
Extreme Southern Florida (Monroe, Collier, Dade, and Broward Counties): Lower
Florida Keys, 2 to 4 pairs; Everglades National Park and environs, 14-year
average (1960 to 1961 through 1973 to 1974) 52.5 pairs, range 49 to 55 pairs;
Collier County coast north of Park, 8 to I0 pairs; and interior Collier, Dade,
and Broward Counties (principally the eastern edge of the Big Cypress) 2 to 5
pairs. None now nest in coastal Dade and Broward Counties north of the
extreme south end of Biscayne Bay; some nested as late as the early 1960's on
Key Biscayne. Total, 61 to 74 pairs (William B. Robertson, Jr. and David
Shea, National Park Service, Everglades National Park, P.O. Box 279,
Homestead, Florida, 33030; Lower Keys data from Jack Watson, BSFW,Division of
Refuges).
West Central Florida (Gulf coast from Tampa Bay to the Suwannee River):
Hillsborough County, 4 to 7 pairs; Pinellas County, 5 to 7 pairs; Pasco
County, 4 to 6 pairs; Hernando County, 7 to 9 pairs; Citrus County, 13 to 15
pairs; and Levy County, 5 to 8 pairs. Total, 38 to 52 pairs (Stephen B.
Fickett, Jr., Florida Gameand Fresh Water Fish Commission, 404 Highland St.,
Brooksville, Florida, 33512).
Ocala National Forest and vicinity (portions of Marion, Lake, and Putnam
Counties): Estimated 25 to 35 nesting pairs (25 known after 2 years of study,
but rate of discovery of new nests still high), perhaps the densest existing
concentration in Florida, principally in the pine flatwoods and swamps adjoin-
ing Lake George. About half the known nests are located on private land with-
in the National Forest (Ben A. Sanders, U.S. Forest Service, P.O. Box 2750,
Asheville, North Carolina, 28802).
Band recoveries (Broley, 1947) show that recently fledged juveniles from the
peninsular Gulf Coast, and probably throughout Florida, migrate north in their
first summer as far as eastern Canada. Older immatures and adults are appar-
ently more sedentary and merely disperse locally in summer.
C.4.3 HABITAT. Eagle habitat is primarily riparian, associated with the
coast or with lake and river shores, usually nesting near the water bodies
where they feed along shore or over extensive shallow water. Some interior
pairs nest far from expanses of open water on tree islands in large marshes or
in mainly dry prairies with small marshes and ponds. Where they are numerous,
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as in the Everglades National Park, immatures fly inland at night and roost
communally well away from coastal nesting areas. Outside the nesting season
when not as closely limited to shores, both adults and immatures tend to gath-
er where food is most easily available.
C.4.4 LIFE HISTORYAND ECOLOGY. Most nests in Florida are in tall living or
dead trees (pine or cypress in most of the state, mangroves along the south-
west coast). Eagles doubtless prefer nest sites that commanda wide view of
the surroundings. In Ocala National Forest (Sanders, pers. comm.), typical
nests are located in slash pine or cypress with large crowns, either trees in
sparse stands or emergents that stand high above the surrounding forest, but
in Florida Bay eagles often nest in small mangroves less than 6 meters above
the ground. Unlike Ospreys, they are apparently reluctant to nest on manmade
structures. Typical nests are flat-topped heaps of dead sticks lined with
finer material (grass, spanish moss, pine needles, seaweed, green leaves) that
may be used for years with new material added annually. In the off-season,
nests commonly serve as feeding platforms for the adults and a given pair may
have several nests or nest sites within its territory. Eagles may commandeer
the nests of other large birds, particularly Ospreys. Great Horned Owls some-
times take over eagle nests. Nesting pairs are territorially aggressive
toward other eagles (including immatures), Ospreys, and other large raptors in
the vicinity of their nest.
In Florida, activity related to breeding occurs almost the year around, except
perhaps in midsummer. Eagles are monogamousfor the life of the mate, but in
thriving populations, lost mates tend to be quickly replaced, sometimes by in-
dividuals not yet in full adult plumage. Apparently it is not uncommonfor
pairs to skip a year without attempting to nest. Established pairs begin to
repair nests in early fall and eggs may be laid as early as late October. Fe-
males may lay another set of eggs, if the first is lost, and thus active nests
with eggs may occur as late as February or, rarely, March. The usual clutch
is 2 eggs, but sets of 3 are not uncommon, and sets of 1 and 4 reportedly
occur. The incubation period is about 35 days. The eggs are very small for
the size of the bird and the young are helpless when they hatch and spend I0
to 12 weeks in the nest before fledging. Both parents participate in incuba-
tion and care of the nestlings, but details of the division of labor vary con-
siderably between pairs. Aggression between nestlings is common and causes
substantial mortality of small young.
Bald Eagles are thoroughly opportunistic feeders and will take, either alive
or as carrion, virtually any vertebrate prey that they can carry away or con-
sume on the spot (Howell, 1932; Bent, 1937; Broley, 1947; Robertson, unpubl.
data). Fish, water birds up to the size of Brown Pelicans and medium-sized
herons, and turtles comprise the bulk of the diet. Their habit of robbing
Ospreys of fish is widely publicized, but it seems to be relatively uncommon
in Florida.
C.4.5 PRODUCTIVITY. Over a 14-year period in Everglades National Park, young
fledged from 345 of 735 potential reproductive efforts (i.e., at minimum, a
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pair of adults seen on a known territory at least once during the nesting sea-
son), a success rate of about 46.9 percent (Robertson, unpubl, data). Annual
success rates varied from 37.0 percent (20 of 54) in 1971 to 1972 to 60.4 per-
cent (32 of 53) in 1967 to 1968 and 60.8 percent (31 of 51) in 1962 to 1963.
The 345 successful nestings included 135 broods of 2 young (39.1 percent) and
9 broods of 3 young (2.6 percent) for a total of 498 fledged, about 0.68 young
per active site (annual range, 0.56 to 0.82) and 1.44 young per successful
site (annual range, 1.25 to 1.60). For populations surveyed less intensively,
nesting success rate and number of young per active site tend to be higher
than the above figures, presumably because nests that are active only briefly
are less likely to be recorded.
Recent productivity data from other areas in Florida (1973 to 1974 breeding
season except as stated) include: West Central Florida, 0.60 young per active
nest in a sample of 30 active nests (Fickett, pers. comm.); Central Florida
ranchlands, 0.91 young per active nest, 1.49 per successful nest, in a sample
of 69 active nests, 1964-65 breeding season (Heinzman and Heinzman, 1965);
Ocala National Forest, 0.86 young per active nest, 1.46 per successful nest,
1972 to 1973 breeding season (Sanders, pers. comm.); North Central Florida,
St. Johns River (excluding Ocala National Forest), 1.13 young per active nest
in a sample of 23 active nests (Doris Mager, Florida Audubon Society, P.O.
Drawer 7, Maitland, Florida 32751); Alachua County, 1.17 young per active nest
in a sample of 6 active nests (Stephen A. Nesbitt, Florida Game and Fresh-
Water Commission, 2606 N.E. 17 Terrace, Gainesville, Florida 32601). These
data suggest that Bald Eagles throughout Florida are reproducing at a rate
that is adequate to maintain the population (see Sprunt, et al., 1973).
C.4.6 SPECIALIZED OR UNIQUECHARACTERISTICS. Because it is the national
emblem of the United States, the Bald Eagle probably enjoys wider public
recognition and popular concern than any other species of animal in the
country.
C.4.7 BASlS FORSTATUSCLASSIFICATION. It is doubtful that a viable popula-
tion of the Southern Bald Eagle exists outside Florida and the population in
Florida has declined by at least 50 percent in the past 30 years. It probably
is still decreasing slowly, despite the fact that many of the remaining eagles
nest on publicly owned lands. Persistent pesticides may have played a role in
the decline, particularly where DDT was heavily used for mosquito control
(Mills, 1946). Weston's account (1965: 42-43) of the disappearance of the
species around Pensacola suggests that pesticides may have been a factor in
that area. Over most of Florida, however, destruction of coastal nesting hab-
itat and disturbance of nesting eagles by man were undoubtedly the major
causes of the decline.
C.4.8 SPECIES STATUS. Merritt Island National Wildlife Refuge is home to
both resident breeding and winter migrant populations of Southern Bald
Eagles. There are approximately 6 active nests generally producing young each
year. The Refuge also provides feeding and resting habitat for as many as 12
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winter migrating eagles. This population is surveyed and active nests are
monitored periodicallyto gather data concerningbreedingactivity. The Ref-
uge is beginning a controlled burning program to protect the nesting sites
from destructivewildfires. All efforts are being made to preserve the
NationalSymbol at Merritt IslandNationalWildlifeRefuge.
Assessmentsof constructionand operationsactivities at KSC have not iden-
tified any impactswhich might be expectedto jeopardizethe existenceof this
specifies. Nestingsites are affordeda minimumO.8-kilometer(O.5-mile)buf-
fer zone for human activitieswhich might in any way disturbthe breedingac-
tivitiesof the eagle.
The range of the Southern Bald Eagle at KSC is shown in figure C-4 which
follows.
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Figure C-4o KSCRangeof the Southern Bald Eagle
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C.5 ARCTIC PEREGRINEFALCON Falco peregrinus tundrius; Order: Falconiformes;
Family: Falconidae; Other Names: Duck Hawk, Great-Footed Hawk
C.5.1 DESCRIPTION. The Arctic Peregrine Falcon is a crow-sized raptor about
380 centimeters long with a wingspread of about 1 meter. Sexes are similar,
although the female is larger than the male. The adult birds are slaty grey
on the back, with a dark cap over the head and a sideburn streak extending
down through the eye. The white breast has dark bars, and the feet are con-
spicuously yellow. The immature is brown-backed with a facial pattern like
the adult's; its breast is white with heavy vertical streakings.
The Peregrine's wings are long and pointed, and in flight it gives the impres-
sion of effortless power and speed. It is the largest of the three falcons
which regularly occur in Florida.
Three subspecies of Peregrine Falcon are recognized in North America: _F. p_.
anatum, which formerly occurred over most of the continental U.S. and Canada;
F_. ]Z- pealei, which occurs in the Pacific Northwestern part of North America,
including the Aleutians; and F. p. tundrius, which occurs in the high arctic.
C.5.2 RANGE. The Peregrine Falcon is a cosmopolitan species and breeds on
every continent except Antarctica. Florida and Ohio are the only two states
where the Peregrine has not been reported to breed. Florida has been an im-
portant wintering area for Peregrines.
C.5.3 LIFE HISTORYAND ECOLOGY. The Peregrine usually requires a cliff site
for nesting where the species makes a scrape or depression for a nest, but it
may nest in the broken tops of tall trees and on window ledges of tall build-
ings. An abundant prey is required for breeding; birds are its chief food,
and they are usually caught on the wing.
The northern populations of Peregrines tend to be highly migratory, and the
southeastern U.S. sees the passage of many arctic falcons each fall. They
tend to follow the Mississippi flyway or the Atlantic coast along the barrier
beaches. Some winter wherever there are concentrations of wildfowl or shore-
birds, while others linger and then move southward to the West Indies and
South America.
Florida's wintering population of Peregrines arrives in September or October,
usually with passage of a cold front, and departs from March to May. On their
wintering grounds Peregrines are relatively sedentary and may remain within a
few square kilometers al I winter.
C.5.4 HABITAT. Wintering Peregrines in Florida require an area that has a
plentiful and dependable supply of birds for food and perches on which to
roost, sun, and feed. Florida's coastal areas provide optimum wintering habi-
tat in regions where mangroves are regenerating from hurricane damage, with
dead stubs standing among scattered ponds and sloughs, and where ducks, coots,
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gulls, and herons abound. Peregrines are opportunistic and may be found ex-
ploiting a breeding colony of terns, gulls around a dump, Rock Doves in urban
centers, or the birdlife that is attracted to agricultural areas.
Impoundments and marshy lakes may attract wintering Peregrines, but those that
spend time in areas that are open to hunting may be highly vulnerable to
shooting. Hunters traveling by skiff may flush waterfowl, and we have noted
that Peregrines may come from some distance to take such prey, and they may
learn to follow small boats. Peregrines are especially attracted by wounded
or crippled birds.
C.5.5 SPECIALIZED OR UNIQUECHARACTERISTICS. The Peregrine Falcon has for
centuries been one of the most favored birds for falconry. Its beauty, power,
and speed have amazed and fascinated, even inspired, man. Hence, its aesthet-
ic value is extremely significant. It is currently the object of great con-
cern among falconers and biologists because its recent population crash has
brought it to the brink of extinction as a breeding bird in the continental
U.S. Scientists are now attempting to breed Peregrines in captivity in suffi-
cient numbers to ensure a supply of birds for the sport and for restocking
purposes in areas that have lost breeding populations. Trained falcons have
been used with success to clear airport runways of birds, and thus they have a
high economic potential.
C.5.6 BASlS FOR STATUSCLASSIFICATION. The Peregrine Falcon was a highly
successful species, and it was initially able to adapt to man's increased
presence in its environment. Peregrines are compatible with humans to the ex-
tent that, until use of DDT began following World War II, the Peregrine bred
successfully in eyries on manmade"cliffs" (skyscrapers) in several Canadian
and American cities. That it is a biologically resilient creature also is
evidenced by the fact that although the British had to shoot out all the nest-
ing Peregrines along the cliffs of Dover during World War II because the fal-
cons were taking carrier pigeons, after the war, the Peregrine population was
on its way to recovery until the widespread use of DDT was introduced. This
chemical is credited with causing the population crash of nesting Peregrine
Falcons (the subspecies anatum) in the continental U.S. during the last 25
years. Today only a remnant to the former U.S. population still exists, and
the future of this subspecies is in grave doubt so long as DDT and its meta-
bolites circulate in the ecosystem.
In recent years there has been an increased interest in the sport of falconry.
Responsible falconers plead for the protection of the few remaining eyries of
Peregrines, but this has little effect upon those who are bent upon getting
birds. The economic incentives make nest-robbing profitable, and at present
the harvest of Peregrines for falconry and captive breeding efforts may pose
as much of a threat to the remaining few birds as does DDT.
The Peregrine has a chance for recovery in the U.S. if DDT levels continue to
drop, and if falconry and captive breeding can be brought under strict Federal
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and state control. Although Great Britain lost most of its breeding popula-
tion to pesticide-inducedreproductivefailure at the same time as did the
States,the speciesthere is making a slow comeback,now that some of the more
troublesomeagriculturalchemicalshave been banned or restricted.
C.5.7 SPECIES STATUS. The PeregrineFalcon does not nest at the Refuge,but
as many as 20 birds may be seen migrating along the barrier island dune
system. Most of these birds are of the subspeciesF.p. tundrius. The Refuge
providesfeedingand restinghabitatduringthe wi_er-migration period. Some
falcons will linger for many days taking advantageof the resourcesof the
Refuge. The U.S. Fish and Wildlife Service monitors the migration of the
Peregrine Falcon through the Refuge each year, keeping accounts of numbers,
locationsof sightings,and length of stay. In a 1978 survey of the fall
migration of raptors, conducted by tileRefuge, 43 Arctic Peregrine Falcons
were counted.
Assessments of construction and operations activities at KSC have not iden-
tified any impacts which might be expected to jeopardize the existence of this
species.
The range of the Arctic Peregrine Falcon at KSC is shown in figure C-5 which
follows.
C-21
ARCTICPEREGRINEFALCON
(Falcoperqpinustunddus)
IENDANGERED)
• CONCENTRATIONAREAS
50URCE:
Figure C-5o KSC Range of the Arctic PeregrineFalcon
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C.6 DUSKYSEASIDESPARROW Ammospizamaritimani_rescens;Order:Passeri-
formes; Family:Fringillidae
C.6.1 DESCRIPTION. The Dusky SeasideSparrow is about the size of other sea-
side sparrows but is much darker in color. In adults the breast and under-
parts are heavily streakedwith black, and at a distancethe bird appearsen-
tirely black. A yellow stripe is prominent on the lores and bend of the
wing. Both sexes are similar in size and coloration. Immaturesare lighter
in color with narrower streaking,but in October are indistinguishablefrom
adults. The Dusky's flight is normally short, low and fluttery. The male's
song varies but is generallya short buzzing trill utteredfrom grass tops or
low shrubs.
C.6.2 RANGE. Brevard County, Florida, in the St. Johns River floodplain
(east side) from north of State Road 520 to State Road 46. Birds were for-
merly abundantin the Merritt Island salt marshes east of Titusvillebut have
drasticallydeclinedwithin the last 15years due to habitatchangescaused by
mosquitocontrol impoundments.
C.6.3 HABITAT. Duskies inhabitcordgrass (Spartinabakerii) marsilesand wet
savannasmainly between 3 and 5 meters above mean sea level on the slightly
brackishSt. Johns floodplain. Small ponds, salt pans, scatteredpalms (Sabal
palmetto),and halnnocksare dispersed throughoutthe area. Because Duskies
prefer an unbroken horizon, the presence of trees, particularlygroups of
trees in the inunediatevicinity,precludesoccupation of otherwise desirable
vegetation by Duskies. The Merritt Island population prefers salt marshes
dominated by cordgrass, salt grass (Distichlis spicata), and black rush
(Juncusroemerianus).
C.6.4 LIFE HISTORY AND ECOLOGY. Duskies have small ranges and appear to
occupy the same general area the year around. Territoriesare from 2,000 to
6,000 squaremeters in size. Duskies are groundfeeders. Limited information
on food habits indicatesthat they eat mostly invertebrates,such as spiders,
grasshoppers,crickets,beetles,and snails.
Nesting occursfrom late March throughAugust with peaks in early May and late
June. It is thought that they have two and possibly three broods annually.
Nests are constructedof grass about 20 to 38 centimetersabove the ground in
clumps of cordgrass and occasionallyin groundsel (Baccharisaugustifolia).
The usual clutch is 3 to 4 eggs, dirty white spottedwith dark reddishbrown.
Birds are difficultto observe in fall and winter, but in spriny and sumner
the males sing from tiletops of cordgrassand shrubsand are very evident.
C.6.5 SPECIALIZEDOR UNIQUE CHARACTERISTICS.A populationestimate by Brian
Sharp in 1968 revealedabout 1,80O birds. Habitat destructiondue to highway
construction,drainage, and conversionof natural range to improved pasture
has probablyreducednumberssomewhaton the St. Johns river area. As central
Florida continuesto be developed,a continued loss of habitat is expected.
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The Merritt Island population has been drastically reduced due to impounding
of salt marshes for mosquito control.
C.6.6 SPECIESSTATUS. The habitat of the Dusky Seaside Sparrow has all but
been eliminated by mosquito control impoundments killing the natural Spartina
bakerii at Merritt Island National Wildlife Refuge. The resulting decline of
Duskies on the Refuge has been from a historic high of 1,000 to approximately
2 birds now isolated at Black Point in the last natural salt marsh left. The
U.S. Fish and Wildlife Service annually conducts an extensive survey of Dusky
Seaside Sparrow habitat to determine the population status each year. Al-
though the Merritt Island area is part of that survey, the 1978 survey failed
to observe any of this species. The Refuge is acting on recommendations of
the Dusky Seaside Sparrow Recovery Team to enlarge and optimize the existing
habitat. Dike removal and habitat improvements of mosquito impoundments in
the vicinity of Black Point are underway. Plans call for transplanting birds
from the St. Johns population to Merritt Island as soon as a suitable addi-
tional habitat is created.
The Dusky Seaside Sparrow and its critical habitat located in the St. Johns
River basin will be subjected to the low-level sonic boom generated by Orbiter
reentry and landing. The sonic boom in that area, with overpressures not ex-
ceeding I01 Newtons per square meter (2.1 pounds per square foot), is expected
to resemble the thunderclap which accompanies a lightning strike, a natural
phenomenonvery commonin this region. For this reason, no adverse reactions
are expected. However, field monitoring will be attempted in coordination
with the U.S. Fish and Wildlife Service to ensure that no adverse impacts
occur. Formal consultation with the Department of the Interior will be re-
quested in accordance with provisions of Section 7 of the Endangered Species
Act.
The range of the Dusky Seaside Sparrow at KSC is shown in figure C-6 which
fol 1ows.
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C.7 ATLANTIC RIDLEY TURTLE Lepidochel_,s _; Order: Testudinata;
Family: Cheloniidae; Other Names: Mexican RicIley_Ikemp's Ridley, Bastard
Turtle, Lora Turtle
C.7.1 DESCRIPTION. A marine species characterized by a carapace extremely
broad in relation to its length- sometimes even broader than long. Infra-
marginals have a pore at the rear border. Carapace coloration varies from
olive-green to black or grey-brown. The carapace size varies from 58 to 71
centimeters with a maximumweight of 45 kilograms.
C.7.2 RANGE. Mature Lepidochelys kempii are restricted to the Gulf of Mexico
while inlnature specimens have been col_cted along the Atlantic coast of theu
United States and infrequently along European shores. Virtually the entire
population nests on approximately 16 kilometers of beach between Rancho Nuevo
and Boca San Vincente in the State of Tamaulipas, Mexico. Recapture of tagged
females indicates a dispersal pattern around the Gulf of Mexico from Key West,
Florida to Isla Mujeres on the Yucatan Peninsula, and Cuba. Immature speci-
mens are found seasonally in the Cedar Keys - Crystal River region.
C.7.3 LIFE HISTORY.AND ECOLOGY. At least some of the females nest annually.
Between April and June, the turtles appear off Tamaulipas where, following a
strong wind, they crawl ashore to nest. Nesting occurs in the daylight hours,
with a maximumof three nestings each season. Nests contain an average of II0
eggs.
C.7.4 SPECIALIZEDOR UNIQUECHARACTERISTICS. The entire world population of
Atlantic Ridley Turtles utilizes one small nesting beach; the range is re-
stricted to Gulf of Mexico to North Atlantic. _
C.7.5 BASlS FOR STATUSCLASSIFICATION. When first seen in 1947, the nesting
aggregation at Tamaulipas was estimated to contain 40,000 individuals; by 1970
only about 2,000 remained. The total world population today is estimated to
contain only 3,000 to 5,000 females.
Reasons for decline include excessive egg collection and slaughter of adults
as well as very high predation on unmolested nests. The worst problem today
is the drowning of large numbers in shrimp nets.
C.7.6 SPECIESSTATUS. Two specimens of the Atlantic Ridley Turtle were re-
covered in Mosquito Lagoon during the 1977 cold weatimr turtle stun. This was
the first recorded evidence of this species at the Refuge in recent history.
Because the Refuge is at the extreme northern boundary of its range, it ap-
pears Atlantic Ridley Turtle population here will never be very high. The
Merritt Island National Wildlife Refuge is cooperating with Dr. L. M. Ehrhart
of the University of Central Florida in conducting extensive sea turtle popu-
lation nesting and behavioral research. Every effort is being made to protect
the remaining sea turtle habitat within the Refuge and ensure young and adult
survival.
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Assessmentsof constructionand operationsactivities at KSC have not iden-
tified any impactswhich might be expectedto jeopardizethe existenceof this
species.
The range of thB Atlantic Ridley Turtle at KSC is shown in figure C-7 which
follows.
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C.8 AMERICANALLIGATOR Alligator mississippiensis; Order: Crocodilia; Fam-
ily: Crocodylidae; Other Name: Gator
C.8.1 DESCRIPTION. This huge, rough-backed, lizard-shaped reptile with a
broad, rounded snout is probably more familiar to Florida residents than any
member of our rich herpetofauna. Adult males commonly attain lengths of 3
meters and more. Females rarely exceed 3 meters in length. Individuals over
1 meter long are black, while smaller alligators appear crossbanded with
yellowish-white, particularly along the sides and lateral surfaces of the
tail. The tail is strongly compressed and crested with high, pointed scales.
The strongly keeled scales continue along the back to the base of the head in
several lateral rows.
The big reptile oftentimes is seen sunning near the water's edge on warm sum-
mer days. When disturbed, it will enter the water, submerge, and usually re-
appear silently so that only the tip of the nose and the eyes are visible.
C.8.2 RANGE. The alligator occurs in suitable habitat throughout Florida.
However, its numbers are greater in the peninsula than in the panhandle.
C.8.3 HABITAT. The alligator generally is distributed in the various wetland
types which exist statewide. These include the edges of large lakes and
ponds, and the interiors of swamps and freshwater marshes. The reptile appar-
ently is very adaptive and seems to be equally at homeeither in a pond in the
middle of Orlando or in the middle of the Everglades.
C.8.4 LIFE HISTORYAND ECOLOGY. Al_igators are fairly inactive during the
winter, particularly in northern Florida. However, on warm days during the
winter, they are often seen basking on the shoreline or stretched out on a
log. As the spring approaches, alligators become more active and, until mid-
December, remain a visible part of the outdoor scene.
Bellowing usually begins in mid-March. The male emits a very loud, deep,
sonorous roar which probably serves the dual purpose of identifying his terri-
tory and advertising his presence and availability to sexually receptive fe-
males. Females, so inclined, will answer the male with their own bellow which
is not so loud nor as deep in pitch as the males'. Alligators have two pairs
of musk glands, a pair just inside the vent and a pair near the base of the
lower jaw. The latter pair is visibly everted during bellowing. How adults
locate one another for breeding is unknown but a combination of the musk gland
scent and the mutual bellowing probably functions to this end.
After copulation, the female makes a clearing (if the nest is in marsh habi-
tat) and heaps vegetation in the center with her tail, legs, and mouth. The
completed nest is about 2 meters wide and I/2 to 1 meter high. A clutch of
from 20 to 50 eggs is deposited into a central cavity and after the female
covers the eggs, the nest is complete.
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Somefemales are protective of the nest and remain near for the entire incuba-
tion period. After a period of about 9 weeks, the eggs hatch and the 23-
centimeter long young are freed from the nest by the female. Hatching young
are very vocal and their high-pitched "umph, umph" calls may stimulate the fe-
male to open the nest. The young often remain together in a group called a
pod for the remainder of the summer. Tagged young have been recaptured near
the nest site as long as 3 years after hatching.
Growth is quite variable but can exceed 30 centimeters a year when weather
conditions and food supplies are normal.
Young alligators (less than 1 meter long) are likely to subsist on a diet of
insects, mollusks, and crustaceans while older animals will take prey consist-
ing of fish, turtles, snakes, birds, mammals, and crustaceans.
Adult gators (over 2 meters) construct dens or gator holes. These may be tun-
nelled underground away from a river or from the edge of a lake. In marsh
habitats, gator holes resemble small ponds. The adults create and maintain
these holes by vigorous activity of both the tail and mouth, tearing vegeta-
tion and mud from the center and sweeping them toward the edge of the hole.
An underground passageway leads off from the edge of the hole to an enlarged
cave a short distance away.
The female will spend most of her time near her den. She will usually wander
no more than 460 meters from the site. Home range sizes of 4 adult females
studied in a Louisiana marsh varied from 2.6 to 16.6 hectares and averaged 8.5
hectares. In a later study in Louisiana, it was determined that 14 males
moved quite a bit more. The home ranges of these adults varied from 180 to
5,000 hectares.
Young alligators are taken by a variety of predators including wading birds,
snakes, bullfrogs, otters, raccoons, and black bass. Larger alligators fear
only man.
C.8.5 SPECIALIZEDOR UNIQUECHARACTERISTICS.Biologically, the alligator is
unique in that its habits promote the welfare of many other wildlife species.
The natural levee surrounding the edge of an alligator hole in the Everglades
is usually the site of a thicket of willow (Salix caroliniana) and
groundsel-bush (Baccharis halimifolia) which serve as nesting areas for many
avian species. During droughts the only surface water available is located in
gator holes. These holes and their water supply become veritable refuges for
numerous vertebrate and invertebrate species until the dry period terminates.
C.8.6 BASIS FORSTATUSCLASSIFICATION. Hunting of this species for its hide
continued until the late 1960's and effectively eliminated the animal from
many haunts in its historic range (the southeastern states including Texas,
Arkansas, and North Carolina). It has been estimated that approximately I0
million alligators were killed from the time when hunting began in earnest,
around 1870, until just a few years ago.
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Alligatorpopulations,however,are apparentlyvery resilientand throughboth
judiciousprotectionand researchthe species has been restoredin some areas
in the southeast. Populationsin southwesternLouisiana increaseddramati-
cally becauseof the efforts of the LouisianaWild Life and FisheriesCommis-
sion to the point that the state has conducted two controlled experimental
harvests of portions of that population. Some type of control may be war-
ranted in Florida for alligatorpopulationsthat have recoveredto the point
where "people-gator"confrontationsregularlyoccur.
In general,the alligatoris the one specieswhich typifiesthe term endanger-
ed speciesto most laymen. The reptile'snumbershave increasedto the point
where the animal definitelyis not seriouslythreatened in Florida. However,
the alligatoris considereda threatenedspeciesby the FloridaGame and Fresh
Water Fish Commissionand legallyprotectedin the state.
C.8.7 SPECIES STATUS. There are at least 5000 alligatorson the Merritt
Island NationalWildlifeRefuge; so many that frequentalligator-visitorcon-
flicts are becominga problem. The Refuge continuesto removeproblem alliga-
tors from areas of concern to more isolatedareas. With the high population
levels of these animals, these conflictswill continue to be a problem. The
U.S. Fish and Wildlife Service is monitoringpopulationlevels throughoutthe
Refuge,and managesthe speciesunder a protectionistmanagementplan.
Assessmentsof constructionand operationsactivitiesat KSC have not identi-
fied any impactswhich might be expected to jeopardize the existenceof this
species.
The range of the AmericanAlligatorat KSC is shown in figure C-8 which fol-
lows.
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C.9 ATLANTIC SALT MARSH SNAKE Nerodia fasciatataeniata; Order: Squamata;
Family: Colubridae; Other Names: East Coast Striped Water Snake, Salt Water
Snake
C.9.1 DESCRIPTION. The Atlantic Salt Marsh Snake is a slender, heavily
keeled water snake with a pattern of stripesthat are variouslybroken into
blotches. The dorsal ground color is pale olive, patternedwith a pair of
dark brown stripes running down the back and enclosing a pale mid-dorsal
stripe. These dark stripes usually become fragmented posteriorly into a
series of elongatedblotches. There is also a row of dark blotchesalong the
lower side of the body, which may merge to form stripes in the neck region.
The AtlanticSalt Marsh Snake is not known to exceed60 centimetersin length.
C.9.2 RANGE. The Salt Marsh Snake (Nerodia fasciata taeniata, N. f.
compressicaudaand N. f. clarki) inhabitsbrackishareas along the coast from
the vicinity of Corpus Christi, Texas, to the Atlantic Coast of Central
Florida. The Atlantic Salt Marsh Snake is restrictedto the coastalareas of
Volusia,Brevard,and IndianRiver Counties,Florida,and has been observedat
approximately six localities. The type locality is National Gardens in
VolusiaCounty.
C.9.3 HABITAT. The AtlanticSalt Marsh Snake has been found in tidal creeks
and salt marsheswhere it is usuallyassociatedwith fiddlercrab burrowsand
glassworts(Salicornia).
C.9.4 LIFE HISTORY AND ECOLOGY. The Atlantic Salt Marsh Snake is apparently
most active at night during periods of low tide, when it feeds on small fish
in the shallow water. There is some evidence to suggest that it may seek
shelter in fiddler crab burrows. Although nothing is known of the life his-
tory of this snake, it is probablymuch like that of the closely relatedGulf
Salt Marsh Snake. Females of thisGulf Coast race producefrom 2 to 14 young,
which are born alive,usually in midsummer. Nothing is known about population
dynamicsof the AtlanticSalt Marsh Snake.
C.9.5 SPECIALIZEDOR UNIQUE CHARACTERISTICS. The Salt Marsh Snakes are the
only North American snakes restrictedto a brackishenvironment. The striking
similaritybetween taeniata and the compressicaudaX clarki hybridsfrom the
Florida West Coast suggeststhat taeniata may actuallybe the productof past
hybridizationinvolvingclarki and compressicaudaprototypes. Although today
Nerodiafasciataclarki occurs in Floridaonly along the West Coast, it is be-
lieved that during the Pleistoceneepoch, before the geographyof Floridawas
altered by changing sea levels,compressicaudaand clarki may have had adja-
cent distributionsnear what is now the range of tae_ The Atlantic Salt
Marsh Snake thus appears to be a relictualpopulationof hybrids betweentwo
forms that no longer occur in the area.
C.9.6 BASIS FOR STATUS CLASSIFICATION. Progressive destructionof coastal
marshes in Volusia,Brevard, and IndianRiver Counties is threateningthe hab-
itat of the AtlanticSalt Marsh Snake. Continueddrainageof coastalwetlands
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will further limit the range of this alreadyrestrictedreptile. Furthermore,
habitat disturbancein these regionsmay already be responsiblefor increased
genetic interchange between taeniata and the freshwater snake, Nerodia
fasciatapictiventris. Such interchangecan only lead to obliterationof the
taeniataphenotypeby the much largerpictiventrisgene pool.
C.9.7 SPECIESSTATUS. Little is known concerningthe status of the Atlantic
Salt Marsh Snake at Merritt Island National Wildlife Refuge. A preliminary
survey in the spring of 1978 revealedthat the taeniata-pictiventrishybrid is
presentbut no pure geneticphenotypewas disc_ Current plans call for
an extensivesurvey of suitablehabitat along MosquitoLagoon. The objective
of this survey is to determinethe population status of pure stock and hy-
brids,where the phenotypicdemarcationis, and the extent of hybridization.
Assessments of constructionand operationsactivities at KSC have not iden-
tified any impactswhich might be expectedto jeopardizethe existenceof this
species.
The range of the AtlanticSalt Marsh Snake at KSC is shown in figureC-9 which
follows.
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C.lO EASTERNINDIGO SNAKE Drymarchon corais couperi; Order: Squamata; Fam-
ily: Colubridae; Other Names: Florida_o Snake, Gopher Snake, Blue Bull
Snake
C.IOol DESCRIPTION. The Eastern Indigo Snake is a large, heavy-bodied ser-
pent with smooth, shiny scales. Adults are uniformly black or bluish black
both above and below, with the chin, throat and lips usually tinged with red-
dish or orange pigmentation. Hatchlings are often marked with light speckling
on a darker ground color. Although the average adult length of the Eastern
Indigo Snake is approximately 2 meters, individuals over 3 meters long have
been recorded.
C.I0.2 RANGE. The Indigo Snake is widely distributed throughout the American
tropics, with seven races ranging from southern Texas to northern Argentina.
Drymarchon corais couperi, however, is restricted to the southeastern United
States, its range being completely isolated from that of the Texas race. It
occurs primarily in southeastern Georgia and throughout peninsular Florida,
including the Florida Keys, but disjunct colonies have been reported from
South Carolina, southern Alabama, and the West Florida panhandle. The type
locality is in Georgia.
C.I0.3 HABITAT. Although the Eastern Indigo Snake often inhabits dry, sandy
areas, especially Florida's high pine communities, it is actually character-
istic of moister habitats. It frequently has been encountered in pine flat-
woods as well as in the moist tropical hammocks of South Florida. In the
drier environments, Indigo Snakes invariably seek shelter in the burrows of
the Florida Gopher Tortoise (Gopherus polyphemus), which are also frequently
utilized by the Eastern Diamondback Rattlesnake (Crotalus adamanteus).
C.I0.4 LIFE HISTORY AND ECOLOGY. Despite the frequent occurrence of the
Eastern Indigo Snake in xeric habitats, laboratory experiments indicate that
it is susceptible to desiccation. The shelter provided by gopher tortoise
burrows therefore appears to constitute a critical factor necessary for the
survival of this snake throughout areas of limited moisture.
The Eastern Indigo Snake is active primarily during the day. It is an omniv-
orous reptile, preying upon small mammals and birds as well as upon frogs,
lizards, and other snakes, including venomous species. Observations on cap-
tive specimens indicate that the Eastern Indigo Snake lays from 5 to 12! eggs
early in the season, usually in May. H_{tching occurs during August and
September; the young average 46 to 61 centimeters in length. Mating behavior
has been observed in captivity during October and January.
C.I0.5 SPECIALIZEDORUNIQUECHARACTERISTICS.With a maximumrecorded length
of 3.63 meters, Dr_marchon corais couperi rates among the largest colubrid
snakes in the New World. This large snake is also renowned for its mild dis-
position.
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C.I0.6 BASIS FORSTATUSCLASSIFICATION. Due to its impressive size and doc-
ile nature, the Eastern Indigo Snake has for years been a prime target of
snake fanciers and animal dealers. Currently the Eastern Indigo Snake is con-
sidered threatened and legally protected in Florida. This legislation has
partially curtailed overcollecting by forbidding the capture, sale, or posses-
sion of this species, except under special permit. Nevertheless, reptile col-
lectors continue to exploit the Indigo Snake. The technique of forcing rep-
tiles out of gopher tortoise burrows through the use of gasoline, a practice
commonly employed by rattlesnake hunters, is now known to have a lethal effect
upon Indigo Snakes. Mount (1975) suggested that the Indigo Snake already may
have been eliminated from Alabama.
Unfortunately, no provisions have been made to safeguard the xeric habitats of
the Indigo Snake in Florida. Any environmental disturbance that threatens the
survival of the Florida Gopher Tortoise will likewise make the Indigo Snake
vulnerable to extirpation throughout the drier portions of its range.
C.I0.7 SPECIESSTATUS. The present knowledge of the status of the Eastern
Indigo Snake in the Merritt Island National Wildlife Refuge is very limited.
Road-kill survey data indicate that the species is present at moderate
population levels. Because of the protection provided by the Refuge, the
collection of the snake by snake fanciers and animal dealers is minimal.
Plans of the U.S. Fish and Wildlife Service are to assess the status,
location, and size of the Eastern Indigo Snake population on the Refuge, and
if necessary provide additional suitable habitat for its survival and
reproduction.
Assessments of construction and operations activities at KSC have not iden-
tified any impacts which might be expected to jeopardize the existence of this
species.
The range of the Eastern Indigo Snake at KSC is shown in figure C-IO which
fol 1ows.
C-37
EASTERNI DIGOSNAKE
IOrymarchonc raiscouped)
ITHREATENEDI
POSSIBLYANYTERRESTRIAL
AREAS-NORMALLYNOTIN
WATEROilMARSHAREAS
FigureC-lOo KSC Rangeof the EasternIndigoSnake
C-38
C.II ATLANTIC LOGGERHEADTURTLE Caretta caretta caretta; Order:
Testudinata; Family: Cheloniidae; CommonName: Loggerhead
C.II.I DESCRIPTION. The Loggerhead is characterized by a large head with
blunt jaws. The carapace (top shell) and flippers are a reddish-brown color,
while the plastron (bottom shell) is yellow. The shell frequently accumulates
a heavy layer of barnacles. This turtle has five pairs of costal scutes
(horny plates along the sides) and four prefrontals (forehead bones), some-
times with a central azygous (single) scale. Mature turtles weigh from 68 to
91 kilograms; large specimens have exceeded 180 kilograms.
C.II.2 RANGE. The Loggerhead is found in temperate and subtropical waters
worldwide, with major nesting beaches in Eastern Australia, Southeastern
Africa, and Southeastern United States. In the U.S., nesting occurs on suit-
able sandy beaches from North Carolina through Florida and, to a lesser ex-
tent, on islands off the Gulf states. Most important nesting beaches in the
U.S. are the east coast of Florida, between Cape Canaveral and Palm Beach.
Hutchinson Island and Jupiter Island are major rookeries within this area.
C.II.3 LIFE HISTORYANDECOLOGY. Nesting season in the U.S. extends from May
until September. Females typically nest every 2 to 3 years and deposit an
average of 5 clutches in a season. Clutches contain an average of 120 eggs.
Following the nesting season, most of the population disperses. Nesting
turtles tagged in Florida have been recovered in South Carolina, Georgia,
Alabama, and Louisiana, as well as in Cuba and the BahamaIslands.
C.II.4 SPECIALIZEDORUNIQUECHARACTERISTICS.Caretta, like most species of
marine turtles, exhibits considerable site fixity in returning to the same
beach for successive nesting. This turtle nests further from the Equator than
any other marine turtle.
C.ll.5 BASlS FOR STATUSCLASSIFICATION. The Loggerhead population in the
U.S. is currently estimated to number between 25,000 and 50,000 individuals.
A recent census of Caretta nests indicates about 22,000 nests are dug each
year in the U.S. Assuming 3.5 nests per turtle and 2.5 years between nest-
ings, the U.S. population should be about 15,714 adult female turtles. Using
the same approach, 19,895 nests are dug in Florida each year by a population
of 14,210 adult females. Thus, the Florida populations of Caretta represent
more than 90 percent of the total U.S. population. Excessive nest destruction
by raccoons and confusion caused by beachfront lighting are responsible for
the loss of large numbers of young. Erosion and oceanfront development have
rendered former nesting beaches unsuitable. Shrimping activities off nesting
beaches drown many adults and subadults. Both range and population size
appear to be decreasing in Florida.
C.II.6 SPECIESSTATUS. The population of Loggerheads on the Merritt Island
National Wildlife Refuge averages approximately 500 individuals in the
lagoonal waters. The 1978 nesting beach survey revealed 650 nesting
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Loggerheads along the beaches of the Refuge and Canaveral National Seashore.
Raccoon predation of turtle nests is a major problem, resulting in nest losses
as high as 99 percent. The Refuge and the University of Central Florida are
conducting two projects to increase hatching success and nest survival.
Immediately following being laid, eggs are collected, shipped to the Refuge's
biological laboratory, and incubated. After hatching, the baby turtles are
released into the Atlantic Ocean. In 1978, 6,000 eggs were collected which
achieved a 75-percent hatching success. Also in 1978, a raccoon control pro-
gram was initiated. Because of this program, turtle nest survival increased
from less than 5 percent to over 60 percent. Other studies into behavior,
movements, and population dynamics are being conducted by the University of
Central Florida on the Mosquito Lagoon turtle population. The population of
Loggerheads at the Refuge appears to be healthy; however, many variables, some
within the Refuge but especially outside of Refuge jurisdiction, still
threaten the Loggerhead population.
Assessments of construction and operations activities at KSC have not iden-
tified any impacts which might be expected to jeopardize the existence of this
species.
The range of the Atlantic Loggerhead Turtle at KSC is shown in figure C-ll
which follows.
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C.12 ATLANTIC GREENTURTLE Chelonia _ m__ydas; Order: Testudinata;
Family: Cheloniidae; Other Names: Greenback Turtle, Green Turtle
C.12.1 DESCRIPTION. The Green Turtle has a rather small head in proportion
to its body, with borders of scales frequently yellow in color. The carapace
(top shell) is generally brownish with olive or dark brown spots and streaks,
while the plastron (bottom shell) is white. This turtle has four pairs of
costal scutes (horny plates along the sides) and one pair of prefrontals
(forehead bones). Mature females weigh from 113 to 129 kilograms and measure
from 94 to 112 centimeters in carapace length.
C.12.2 RANGE. The Green Turtle is a worldwide species with several sub-
species identified. Although the Green Turtle was once abundant in the Carib-
bean, the only major nesting grounds today are confined to Tortuguero, Costa
Rica and Aves Island in the eastern Caribbean. While probably once widespread
in Florida, nesting is today confined to the east coast between Cape Canaveral
and Palm Beach with Jupiter Island and Hutchinson Island having the greatest
nesting. Nesting is occasionally reported on the lower west coast of the
state.
C.12.3 LIFE HISTORYAND ECOLOGY. The Green Turtle is chiefly herbivorous and
highly migratory in seeking feeding areas often quite distant from nesting
beaches. This turtle nests every 2 to 3 years, with the Florida season being
May through August. Clutches contain an average of 134 e_gs, and as many as 7
clutches of eggs may be laid in a season.
C.12.4 SPECIALIZED OR UNIQUECHARACTERISTICS.This species is tile source of
most turtle steak and soup and has been intensively exploited for centuries in
the Caribbean. Recently, commerce in flipper skins for leather and the oil
for cosmetics also has developed.
C.12.5 BASlS FOR STATUSCLASSIFICATION. While probably once abundant in
Florida, the current population is estimated to include no more than 50 mature
females. The species, like all sea turtles, is now legally protected within
Florida waters, but an active fishery exists in much of the Caribbean.
C.12.6 SPECIESSTATUS. The population of Green Turtles on the Merritt Island
National Wildlife Refuge averages approximately 125 individuals in the
lagoonal waters. The 1978 nesting beach survey revealed 14 nesting Green
Turtles along the beaches of the Refuge and Canaveral National Seashore. This
represents close to 20 percent of the total Green Turtle nesting within the
state of Florida. As with the Loggerhead Turtle, predation by raccoons is a
problem (see C.II.5), but efforts are underway to increase nest survival.
The University of Central Florida is conducting research into behavior,
movements, and population dynamics on the Mosquito Lagoon turtle population.
The population of Green Turtles at the Refuge remains low, but this is due to
variables outside of Refuge jurisdiction.
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Assessmentsof constructionand operationsactivitiesat KSC have not identi-
fied any impactswhich might be expected to jeopardizethe existenceof this /
species.
The range of the Atlantic Green Turtle at KSC coincides with that of the
AtlanticLoggerheadTurtle as shown in figure C-ll.
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GLOSSARY
\
fusiform: rounded and tapering from the middle towards each end
genotype: a specific genetic constitution
hibernaculum: wintering quarters, as of a hibernating animal
inframarginal : situated below a margin or edge
intergrade: to merge gradually, one intoanother, as different species
lore: the space between the eye and the bill
pachyostosis: thick bone formation
phenotype: the appearance resulting from the interaction of the genotype
and the environment
pore: hole or scalloped edge
raptor: adapted for seizing prey, as with talons
refugia : havens
vascular: provided with ducts that convey sap
xeric: arid
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APPENDIXD
BACKGROUNDMATERIALFORSECTIONSII ANDV
D.I INTRODUCTION
This appendix contains background information from which some of the state-
ments and conclusions were drawn in Section II, Space Program Activities, and
Section V, Possible Environmental Effects of the Proposed Action.
The following paragraphs contain supplemental data for topics discussed in
sections II and V:
D.2 Fuels and Fluids
D.3 Pesticides (including herbicides, fungicides, etc.)
D.4 Shops and Laboratories
D.5 Facilities [Space Transportation System (STS) component processing
and assembly]
D.6 Spacelab
D.7 Upper Stages
D.8 Automated Payloads
D.2 STORAGEANDMANAGEMENTOF FUELSAND FLUIDS
Vast quantities of fuels and fluids (including gases) are received, stored,
and dispensed throughout the year at Kennedy Space Center (KSC) in support of
the STS and unmanned launch programs. The storage and management of these
substances is accomplished in a manner that produces the least amount of sig-
nificant impact on the KSC and adjoining environment. The fluids listed in
tables 2-9 and 2-10 are received at KSC by railroad tank cars, mobile tank
trailers, tube bank trailers, containerized shipment, and cross-country
lines. They are stored in underground and aboveground tanks, their original
containers, and flasks, Dewars, and bottles. They are dispensed through
underground and aboveground lines, by mobile tankers, from pressurized con-
tainers, and from their original containers.
D.2.1 ENVIRONMENTALIMPACT. The arrival and departure of service vehicles
create an intermittent increase in exhaust fumes and a slight rise in the
level of background noise. During the transfer of fluids and gases, small
quantities may escape to atmosphere or be spilled on the specially constructed
tanker parking pads. Transfers are accomplished through lines having quick
connect/disconnect hardware to minimize these releases. The pad construction
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impoundsspillsfor immediatecleanup. The quiescentboiloffof liquidoxygen
and nitrogen diffuses into the atmosphere. All hydrogen boiloff is trapped
and directedto a burn pond where it is ignited,producingwater.
D.2.2 HAZARDOUS OPERATIONS. Operations involvinghypergolicfuels and oxi-
dizers, isopropylalcohol,ammonia,and variousbases and acids are considered
hazardous operations. When required by existing NASA/KSC regulation,these
operations are performed by qualified personnelwearing suitable protective
clothingand working in an area surroundedby a security-guardedperimeterof
sufficient dimensionsto preclude injury to noninvolvedpersons. When pos-
sible,these operationsare accomplishedby remote control.
D.2.3 UNPLANNEDEVENTS. An accidentresultingin the releaseof uncontrolled
amountsof any of the substanceslisted in tables 2-9 and 2-I0 could generate
an environmentalimpact ranging from inconsequential(e.g., helium) to ex-
tremely serious (e.g.,nitrogentetroxide).
A worst-caseunplannedevent would be collisonand rupture of a Mobile tanker
containing up to 18,925 liters (5,000 gallons) of nitrogen tetroxide. This
substancewould immediatelygeneratea toxic cloud. Dependingon the location
of the accident, wind direction and velocity, and quantity of spill, the
resultscould be devastationof flora and fauna and a threat to human life.
The interstateshipmentof certainhazardousmaterialsmust complywith appli-
cable portions of HazardousMaterialsRegulationsof the Department of Trans-
portation,Title 49, TransportationCode of Federal Regulations,Chapter i,
Subtitle B. Shipment of hazardousmaterialswithin the State of Floridamust
comply with applicableregulationspromulgatedby the Public Service Commis-
sion, the Division of the State Fire Marshal, and the Departmentof Health and
RehabilitativeService.
Strict observanceof these regulationsis practicedby suppliersto NASA/KSC
and makes the probabilityof such an event exceedinglyremote. However, if
such an accidentwere to occur,meteorologicaldata would immediatelybe pro-
vided to predict the cone of danger and all available fire and rescue units
would initiateevacuationproceduresto mitigatethe dangerto human life. An
equally remoteunplannedevent would be the ruptureof a line during transfer
of a hazardoussubstancefrom a supply vehicleto a storagevesselor from the
storage vesselto the point of use. Such an event is highly unlikely because
all lines are certifiedto have met three criteria: (I) operatingpressure,
which is the norlnalinternalpressureat which the substanceis delivered,(2)
proof pressure,which is the highestpressure that would be developedby sud-
den surge resultingfrom a controlvalve malfunction,and (3) burst pressure,
which is the lowest pressure that dynamic testing has demonstratedwill rup-
ture the line. Burst pressure is at least four times the operatingpressure.
In the event of such an accident,attendantSelf-ContainedAtmosphericProtec-
tive Ensemble (SCAPE)suitedpersonnel would at once shut down the line and
performthe requiredcleanup and rescueoperations.
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D.2.4 FUELSANDFLUIDS - GROUNDSERVICEEQUIPMENT. Support operations at KSC
require the receipt, storage, and dispensing of fuels and fluids for ground
service equipment supporting flight activities and related aircraft move-
ments. These fluids are various grades of gasoline, jet fuel, diesel fuel,
motor oil, hydraulic fluid, deionized and potable water, and antifreeze com-
pounds. These are handled in the same manner as similar flight operations
commodities to assure a minimum impact on the environment.
D.3 PESTICIDES
The use of pesticides is planned and conducted to produce a beneficial im-
pact. Reference to tables 2-7 and 2-11 will explain the unwanted species and
reasons for their control or elimination.
D.3.1 ENVIRONMENTALIMPACT. Adverse environmental effects are avoided by (I)
understanding of the characteristics of the chemicals, (2) employment of
thoroughly trained personnel, (3) imposition of climatological restrictions,
and (4) direct supervision of a graduate entomologist. Every effort is made
to direct the chemicals to the target area without overspray, runoff, or
adverse impact on beneficial species.
D.3.2 HAZARDOUSOPERATIONS. Two types of hazardous operations are performed;
those hazardous to the protected biotic environment and those potentially haz-
ardous to human health.
To prevent wider dispersion of pesticides than desired, all spraying and
strewing operations are restricted to conditions during which wind velocity is
no greater than 8 knots. Spraying in areas where drainage and outfall ditches
could be contaminated by runoff is forbidden. Extreme care is exercised to
avoid destructive chemical contact with ornamental shrubs. Poisoned baits are
kept in locked boxes.
Personnel working with chemicals which should not be touched or inhaled are
protected by issuance of protective coveralls, gloves, and respirators for
mandatory use.
The foregoing safety practices are enforced by the direct supervision of the
graduate entomologist. All work is done under the constant review of the
NASA/KSCagronomist.
D.3.3 UNPLANNEDEVENTS. Unauthorized removal of safety equipment by an oper-
ator might result in accidental contact with or inhalation of a toxic sub-
stance. As soon as such an event was recognized, summonedrescue squad mem-
bers would administer first aid. Guided by the entomologist's intimate knowl-
edge of the chemical ingredients involved, subsequent medical treatment would
mitigate or nullify the adverse effects.
D-5
D.4 SHOPSANDLABORATORIES
The following shops and laboratories have been selected for discussion because
(I) waste products are generated which require environmentally acceptable rec-
lamation or disposal, (2) work is performed in the presence of high-pressure
lines or storage vessels, or (3) flammable or toxic (or both) substances are
present. The measures taken to avoid or mitigate environmental impact in
these shops can be considered typical for all other shops having similar
characteristics. See tables D-I and D-2 for locations, names, and
functions.
D.4.1 PROTECTIVECLOTHINGEQUIPMENT(PCE) SHOP. The PCE shop provides the
complete capability for cleaning, preventive and corrective maintenance, test,
and storage of SCAPEaccouterments. The facility is located in room Ll09 in
Hangar S. Special systems include a fire sprinkler system slaved to a fire
detection system, an air-conditionin_ system, and a 70,307 plus or minus 7,031
grams per square centimeter (gm/cmL) [I,000 plus or minus I00 pounds per
square inch (psi)] gage air supply. A Freon TF storage and transfer system
provides 2,082 liters (550 gallons) of clean Freon TF and storage for 1,041
liters (275 gallons) of contaminated Freon TF. The disposal of the contami-
nated liquid resulting from boot, glove, and suit washing and showering is
accomplished by capturing all the wash liquid in the storage tank. The tank
is periodically pumped out into a mobile waste tanker for transfer to the
Freon-reclamation facility. Other shops which are typical of this category
are the Technical Shop (TESH) (K6-1247) where inshop (and onsite) fabrication
and assembly of cables and harnesses are performed and TESH (K6-1996) where
printed wiring boards are printed, developed, etched, gold and silver plated,
and cleaned.
D.4.2 EMERGENCYBREATHINGEQUIPMENT(EBE) SHOP. The EBE shop, located in
room LI08 in Hangar S, is equipped to perform repair, testing, modification,
preventive maintenance, pre-mission inspection, and storage of 26 types (about
3,420 separate pieces) of emergency breathing equipment. The EBE shop is
equipped with a 196,860-gm/cm2 (2,800-psi) gage breathing air supply and an
automatic fire detection and sprinkler system. All equipment for storing,
charging, and transferring the high-pressure air is periodically inspected and
issued a dated stamp of acceptance. Accidental rupture of line or vessel is a
remote possiblity because working pressures are well below burst pressures.
Other shops which are typical of this category are the Cape Canaveral Air
Force Station (CCAFS)Environmental Control Unit Shop (3-66220) where cleaning
and maintenance of cryogenic breathing equipment require the presence of a
421,840-gm/cm2 (6,000-psi) gage breathing air system and the CCAFSClean Room
Facility (66220) where life support oxygen equipment repair, modification, and
testing require the presence of a 288,260-gm/cm 2 (4,100-psi) gage breathing
air supply and a 168,737-gm/cm2 (2,400-psi) gage gaseous oxygen supply.
D.4.3 PROPELLANTCOMPONENTSDECONTAMINATIONAREA. The Propellant Components
Decontamination Area functions are performed in rooms I00 and I01 of Building
K7-417. This shop provides the complete capability for decontamination of
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TableD-I. Shops
Location Name Function
Operationsand BatteryShop Maintenance,Repair,and
Checkout (O&C) Rechargingof Batteries
Building (M7-355)
MechanicalModification MachineShop
MechanicalWork Area Minor Mechanical
Maintenanceand Repair
Flight Crew Systems Supportof Crew Systems
CCMS Area CommandControl and
MonitorSystem and CITE
Maintenance
Flight BatteryShop Serviceand Maintenance
of Flight Batteries
Communications Work Maintenance of Opera-
Area tional Intercommunica-
tion System and Communi-
cations
Central Instru- Digital Electronics Test and Repair of
mentation Facility Shop Digital Line-Replace-
(M6-342) able-Units and Shop-
Replaceable Units
Instrumentation Shop Test and Repair of
Transducer Signal
Conditioner Instru-
mentation
Communications and Communication Shop Repair and Storage of
Storage Bldg OlS/OTV/Communications
(M6-791) Equipment
Base Support Bldg Support Service Shops Welding, Coating, Paint-
(M6-486) ing, Fabric, Plumbing,
Air-Conditioning, Elec-
trical, Hose/Tube, and
General Field Service
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TableD-I. Shops(cont)
Locat i on Name Funct i on
Vehicle Assembly Battery Shop Battery Service
(K6-848)
FI ui ds/Mechani cal Maintenance, Modifi ca-
Work Area tion, and Staging of
Fluid Systems
Mechanical/Ordnance General Mechanical and
Checkout Area Limited Ordnance Support
Space Shuttle Main Mechanical Work and SSME
Engine Shop Storage and Staging Area
External Tank Mechan- ET Mechanical Work and
ical Shop and Thermal TPS Work and Staging
Protecti on Subsystem Area
Work Area
SRBMechanical Shop SRBMechanical Work
Elevator Shop Elevator Maintenance and
Repair
SRB and ET Work Area Various Locations in the
VAB, Equipped for Gen-
eral Support and Staging
of ET and SRBComponents
Battery and Ground Battery Shop and Field
Power Area Support Area
Electro-Optics Work Theodolite and Other
Area Test Devices Maintenance
and Cal ibration
HVACInstrument Area Maintenance and Calibra-
tion of Heating, Venti-
lating, and Air-Condi-
tioning Instrumentation
Various Other Work Support Areas for SRB's,
and Staging Areas Thermal Protection Sub-
system, Fluids, ET, and
Communications
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Table D-I. Shops (cont)
Location Name Function
VAB Utility Annex Environmental Control Work In-place Repair and
(K6-947) Work Area Maintenance of ECS
Orbiter Process Thermal Protection Subsys- TPS Molding, Installing,
(K6-894) tem Shop and Staging
OPF/CCMSWork Area Maintenance Work on the
Orbiter and the Command
Control and Monitor
System
Other Work and Staging General In-Place
Areas Support, Maintenance,
Modifications, and
Storage
Base Maintenance TPS Shop TPS Molding and Bonding
Building (K6-I095) Area
Field Support Shop Field Base Support
Pad Area and Water PumpStation Maintenance, Field
Miscellaneous (J7-1388) Support, and Staging for
Buildings (LC-39) Water System
CCMSWork Area Maintenance of Command
PTCR (J8-1708) Control and Monitor
System in the Pad
Terminal Connection
Room
ET Operations Area External Tank Support
PTCR(J8-1708)
HVAC/Pressurization Maintenance and Staging
PTCR(J8-1708) of HVACComponents
Launch Control Co_nunication Area Communications On-Line
Center (K6-900) Support
CCMSMaintenance Area CCMSSupport
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Table D-I. Shops (cont)
Locat i on Name Funct i on
Launch Control CDSMaintenance Area Central Data Subsystem
Center (K6-900) Support
(cont)
RPS/RTIF/VSl Mainte- General Electronic
nance Area Support for Record &
P1ayback System/Real-
Time Integration
Faci I i ty/Vi deo
Simulation Interface
CCAFS Solid Rocket Booster Shop SRBRetrieval and
Hangar AF Disassembly
Hangar S, Hangar ECLSSShop Maintenance and
S Annex, and Refurbishsment of SCAPE
66220 Backpacks and Other
Environmental Control
Life Support Systems
Supply, Shipping, LETF Support Area Testing of Launch
and Receiving Bldg Equipment with Machine
(M7-505) Shop Support
Wheel & Tire Shop Maintenance and Staging
Waste Collector Area Orbiter Waste Collector
Maintenance
Payload Accommodation Flight Kit Machine and
Area Mechanical Staging Area
Sling Maintenance Area Maintenance and Staging
of Selected STS Slings
Central Staging Area General Staging
LIMS/SlMS Control Area Logistics Inventory
Management System and
Shuttle Inventory
Management System
Records and Control
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Table D-I. Shops (cont)
Location Name Function
Hypergol HMFComplex Maintenance and Checkout
Maintenance of Orbital Maneuvering
Facilities Subsystem Pods
Complex
(M7-961, 1061,
1212, 1410, and
1412)
POL Storage Propellant Component Cleaning and
Building (K7-417) Decontamination Area Refurbishment of
Components Contaminated
with Hypergol Fuel and
Oxidizer
D-II
Table D-2. Laboratories
Location Name Function
Operations and Development Testing Lab Prototype Research and
Checkout (O&C) Development
Building (M7-355)
Malfunction Investigation Component Malfunction
Lab Investigations
Microchemical Analysis Analysis of Materials
Lab
Materials and Environmental Materials and Component
Test Lab Testing
Analog Lab Test and Repair of
Inertial Devices,
Servos, and Optics
Central Calibration and Standards Calibration, Mainte-
Instrumentation Labs nance, Repair, and Pre-
Facility (M6-342) cision Cleaning
Supply, Shipping, Materials Environmental Materials Testing
and Receiving Testing Lab
Building (M7-505)
Vehicle Assembly Calibration Labs Calibration,
Building (K6-848) Maintenance, and Repair
(to be moved to
the Central
Instrumentation
Facility)
Various Locations Nondestructive Test Labs Nondestructive Testing
(K7-569, 77375, and 77380) by Neutron Radiography,
X-Ray, Ultrasonics, etc.
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components and hardware which have been exposed to and contaminated by hyper-
golic fuel and oxidizer. For safety reasons, rooms I00 and I01 have no inter-
connecting doors. Room I00 is used to decontaminate parts contaminated with
oxidizer to a maximumvalue of 5.0 parts per million. Room I01 is used to
decontaminate parts contaminated with fuel to a maximum of 0.2 part per
million.
The decontamination process for both types of contamination is essentially the
same, the difference being in the formulation of the neutralizer. The process
consists of flushing neutralizer through the component or immersing the com-
ponent in neutralizer until the hypergol content is reduced to the applicable
value stated above. The component is then rinsed with water, purged, dried,
and packaged for subsequent disposition. Used neutralizing compounds and the
two different wash waters are carefully collected in segregated, identified
waste tanks and disposed of properly.
D.4.4 PHOTOGRAPHIC(STILL) PROCESSINGLABORATORY. This shop annually con-
sumes the following photographic chemicals:
CommonName Liters per Year Gallons per Year
Developers 47,800 12,628
Fixers 20,500 5,400
Kits 15,900 4,200
Stop Baths 9,100 2,400
Bleach 5,700 1,500
These compounds are used for processing black and white and color films. Used
sodium thiosulfate (fixer) is processed in the laboratory by a method which is
about 90 percent efficient in recovering silver from the spent solution. The
residue is flushed with water to the sanitary sewer system. All other chemi-
cal wastes are containerized, identified, and removed to Complex 20 for stor-
age prior to final disposal.
D.5 FACILITIES
D.5.1 FIRE AND RESCUETRAININGAREA. This 137-meter by 86-meter (450-foot by
281-foot) facility is used to train and familiarize propellant mechanics and
astronaut rescue teams with the equipment, materials, and techniques for
hypergolic firefighting and rescue.
D.5.1.1 Substances. The facility contains a distribution system for gaseous
nitrogen, monomethylhydrazine, and nitrogen tetroxide. Gaseous nitrogen is
supplied from a tube bank trailer having a 154,675-gm/cm2 (2,200-psi) gage
storage pressure. The tube bank trailer is connected to the fuel and the oxi-
dizer supply trailers to provide transfer pressurization. Yearly consumption
of fuel and oxidizer is approximately 7,570 liters (2,000 gallons) of each.
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D.5.1.2 EnvironmentalImpact. The gaseous nitrogen pressurizationof the
hypergol trailers enables the fluids to flow to a burn pan with a 12-meter
(40-foot)radius where training is conducted. In the course of these exer-
cises, nitrous oxide and hydrazinevapors are releasedto the atmosphere. A
30-meter (lO0-foot)square dilution pond is provided to collect burn pan con-
taminants. Becauseof the remote locationof this facility(northof the NASA
Parkway along the east coast of Merritt Island),the resultinglocalizedand
occasionalair degradationis acceptable in view of the vital importanceof
this program. Contents from the dilution pond are treated to an acceptable
level of contamination. The ambientnoise level is augmentedto an insignifi-
cant degree by ignitionof the hypergols.
D.5.1.3 HazardousOperations. By the very nature of this program, hazardous
materials are used and hazardous situations are simulated to provide the
required training and familiarization. Procedures are designed, monitored,
and enforcedby experiencedinstructorsto avoid injuryto trainees.
D.5.1.4 UnplannedEvents. A worst-case unplannedevent would be the acci-
dental comminglingof uncontrolledamountsof fuel and oxidizer. To preclude
the occurrence of such an event, the hypergol trailers are separated by a
2-meter (7-foot)high sandbagcement riprap wall. The possibilityof trainee
injury is remote because of the safety equipmentand procedures enforced by
directorsof the program.
D.5.2 HYPERGOLMAINTENANCEFACILITY (HMF) COMPLEX. The HMF Complex is com-
posed of three buildings as listed below. Hereinafter,the buildings are
referredto by their M7 number.
M7-961 HypergolModule Processing(North)
M7-1061 HypergolSupportBuilding
147-1212 HypergolModuleProcessing (South)
Under present planning,the two cells in M7-961 will be used to process the
Aft Propulsion System (APS) modules, consistingof the Orbital Maneuvering
Subsystem(OMS) and the Aft ReactionControlSubsystem(ARCS). The two cells
in M7-1212will be similarlyused to processthe ForwardReactionControlSub-
system (FRCS) module and the Payload Bay Kit (PBK). The Launch Processing
System (LPS) consoles which direct checkout operations in M7-961 and M7-1212
and the facilitiesfor donning,removing,and stowingSCAPE accoutermentswill
be housed in M7-1061.
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D.5.2.1 Substances. The following solids, liquids, and gases will be present
as residuals or will be used for maintenance operations in M7-961 and M7-1212
(M7-I061 uses and discharges only water):
Solids
No chemical solid wastes will be present.
Liquids
Monomethyl hydrazi ne Hydrazi ne
Nitrogen tetroxide Freon TF
Solutions of sodium sulfite Isopropyl alcohol
Solutions of sodium hydroxide Potable water
Solutions of citric acid
Gases
Gaseous helium Compressed air
Gaseous nitrogen
D.5.2.2 Environmental Impact. All checkout operations requiring the use of
test fluids and gases will be conducted under controlled conditions. During
connection and disconnection of a line, small amounts of liquids or gases may
be momentarily released. The liquids will be contained and removed; the gases
will be exhausted through roof vent fans. Larger spills will be flushed into
a trench system for transfer to a waste tanker. Vented fluids from a checkout
operation will be directed to a separator located adjacent to a tanker pad.
(Tanker pads themselves are sloped and diked to capture spills in the trench
system.) The separator will direct fluids to a sump and gases to a scrubber.
Fluids in the separator sump will be pumped into a 208-1iter (55-gallon) drum
for eventual disposal. Gases directed to the scrubber will be reacted and
treated; when released to the atmosphere, the level of contamination will be
as low as is attainable with current state-of-the-art equipment. All liquids
except incidental rainwater are collected in closed containers or waste
tankers restricted to a particular category of material. Such waste material
is refined for reuse or is treated and transferred to a disposal area. No
solid wastes will be generated. Noise generated by overhead cranes, air-
handling equipment, and service vehicles is not expected to exceed 80 dBA.
D.5.2.3 Hazardous Operations. If a hardware malfunction is detected which
dictates opening a line or removing a component for repair or replacement,
special precautions will be taken for hazardous operations. Personnel wearing
SCAPEoutfits will accomplish the repair and collect and dispose of released
materials. Spills and leaks will be washed down with water hoses present in
the facility. This water normally will be collected in the cell trench and
valved to the outside trench for collection in a waste tanker. If a situation
arises where it is deemed prudent to evacuate personnel from a cell, a deluge
system may be activated which will release and direct copious quantities of
water to all parts of the cell.
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A potentially hazardous condition exists during transportation of the modules
listed in D.5.2 from the Orbiter Processing Facility (OPF) to the HMF and
again when these modules are returned to theOPF. Danger of mishap is reduced
by restricting traffic along the route, preceding and following the trans-
porter with police cars with flashing lights operating, maintaining a regu-
lated maximum speed, and preparations for receiving the components at their
destination.
During all activities in the HMF Complex, a hazards warning system of sirens
and flashing red lights alerts operating personnel to a potential emergency.
This system, together with guards as necessary, denies access to the area of
other than authorized persons.
D.5.2.4 Unplanned Events. When the modules listed in D.5.2 arrive at the
HMF, residual fuel and oxidizer could be present in the following maximum
amounts:
Fuel Oxidizer
Component Kilograms (Pounds) Kilograms (Pounds)
OMS 222 (each pod) (490) 369 (each pod) (813)
ARCS 209 (460) 347 (765)
FRCS 376 (830) 626 (1,380)
PBK 667 (1,470) 1,106 (2,439)
A worst-case event would be the release, from any cause, of uncontrolled
amounts of fuel and oxidizer at the same time in a single cell of M7-961 or
M7-1212. The ensuing flame and effluent could damageor destroy the facility,
cause environmental damage to a surrounding area (as governed by prevailing
wind direction, velocity, etc.), and cause loss of life to involved personnel.
Reaction to such an event would include in_ediate activation of the deluge
system, together with firefighting and rescue operations by SCAPE-suited
personnel either present or summoned to the scene. The deluge system will
direct such large quantities of water to all parts of the cell that the cell
trench will become saturated and excess water will flow over the door sill.
Two factors make the occurrence of such a catastrophe very unlikely; (I) regu-
lations which prohibit more than one hazardous operation at a time in any one
cell (thus reducing the chance for human error), and (2) KSC/NASAregulations
which mandate periodic inspection and recertification of all lifting devices
and of all installation and access structures (making equipment failure un-
likely).
If, during the transportation of a module to or from the HMF, an accident
occurs causing the rupture of one or both tanks containing fuel and oxidizer,
release of toxic fumes and fire would take place in an open-air, uncontrolled
environment. Fire, rescue, and safety personnel accompanying the convoy would
take immediate action to flood the area with water and to obtain real-time
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predictionsof downwind concentrationsand transportdirection of the pollu-
tants. Personnelwithin the predictedhazardouszones would be evacuatedun-
til a sweep of the area, using detectorsfor hazardoussubstances,confirmed
acceptable levels have been reached. Such an event could cause damage or
death to local flora and fauna within the path of the resultantcloud, depend-
ing on its concentrationand the speed of its passage. However, because
transportationoperations take place well within the confines of KSC [the
nearest populationarea is 12 kilometers(7.5miles) to the south],all pollu-
tants are expected to be sufficientlydiffused to prevent any hazard beyond
the boundaries of KSC. The occurrence of an accident of this kind is ex-
tremely unlikelyand has never been experiencedat KSC.
A more likely event would be accidentalcontactby personnelwith monomethyl-
hydrazine, hydrazine, or nitrogen tetroxide. These substances are extreme
skin irritants. In this situation, harmful effects would be mitigated by
immediateuse of the eyewash and shower facilities availablethroughout the
operationsarea. This flushing would be followed by medical assistance and
appropriateexaminationand treatmentat the KSC OccupationalHealth Facility.
D.5.3 ORBITERPROCESSINGFACILITY. The OPF is designedand equippedto pre-
pare a returnedOrbiter for mating with an ExternalTank (ET) and subsequent
processing. The OPF is intermediatebetweenShuttle Landing and Shuttle Ve-
hicle Assembly and Checkout. Tasks include but are not limited to safing,
servicingand deservicing,Thermal ProtectionSubsystem (TPS) refurbishment,
Orbiter active systemscheckout,payloadremovaland installation,propellant
module removal and installation,culminatingwith towing the Orbiter to the
VehicleAssemblyBuilding (VAB).
D.5.3.1 Substances. The followingsolids, liquids,and gases will be present
in the OPF, either as requiredfor flush, purge, checkout,and replenishand
refurbishoperationsor as residualsin the Orbiter systems:
Solids
TPS bondingmaterial Fecal matter
TPS inter-tileinsulation Pyrotechnics
Liquids
Monomethylhydrazine Lubrication oil
Nitrogentetroxide Liquid hydrogen
Hydrazine Liquid oxygen
Isopropylalcohol FC-40 coolant
Solutionsof sodium sulfite Potablewater
Solutionsof sodium hydroxide Waste water
Solutionsof citric acid Urine
Hydraulicfluid
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Gases
Ammonia Gaseous nitrogen
Freon 12 Gaseous helium
Freon 1301 Gaseous hydrogen
Compressed air Gaseous oxygen
Carbon dioxide
D.5.3.2 Environmental Impact. Procedures using test fluids and gases to
accomplish safing, servicing and deservicing, and checkout of the Orbiter
active systems will be performed under controlled conditions. Vented test
fluids and gases will be directed through lines and hoses to waste containers
and waste tankers provided for individual types of contaminants. The contents
of these waste collectors will be refined for sale or reuse, or neutralized
and released to a disposal area. During payload and propellant module removal
and installation, disconnection and reconnection of lines may result in the
momentary release of small amounts of liquids or gases. Minor spills of
liquids will be confined and removed for proper disposal; gases will be ex-
hausted to the atmosphere through roof vents. Innocuous wash, flush, and
rinse fluids will be trapped in drainage trenches and directed to an under-
ground collection tank for subsequent removal and disposal. Gases will be di-
luted with air and directed through outside vent stacks for atmosphere re-
lease. If damage or leakage is detected, residual gases and liquids will be
offloaded to the mobile waste tankers.
Solid wastes generated by the refurbishment of the TPS tiles and the Environ-
mental Control and Life Support Subsystem (ECLSS) waste collection system will
be collected and transported to the applicable disposal area. Noise generated
in the OPF will be consistent with light industrial activities, augmented
intermittently with noise associated with two 27-metric ton (30-ton) bridge
cranes, blowers, hydraulic units, and air compressors. An exception occurs
periodically when operation of the three hydraulic units is required. The
noise generated by the pumps, while not significant outside of the facility,
is at a level that dictates wearing of earplugs by personnel in the vicinity
in accordance with Occupational Safety and Health Administration (OSHA) regu-
lations. Three diesel engines, which are used only if the deluge system is
activated, are housed in an adjacent building; diesel exhausts will be re-
leased to atmosphere through three muffled exits. The deluge system is manu-
ally activated and can be selectively directed to any or all of five zones
within the OPF. Deluge water is contained and directed to an underground col-
lection tank.
D.5.3.3 Hazardous Operations. Any operation which necessitates opening lines
containing noxious or flammable gases or liquids is deemed hazardous. If such
a situation arises, noninvolved personnel will be evacuated from the immediate
area and SCAPE-suited personnel will perform the required operation. Released
gases and liquids will be directed and collected as described in D.5.3.2. The
prohibition against simultaneous operations involving hypergolic fuel and oxi-
dizer significantly reduces the potential for accidental hypergolic reaction.
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Transportation of the propellant modules between the OPF and the HMF (to and
from) is considered a hazardous operation. A description of procedures for
safely accomplishing this transportation may be found in D.5.2.3.
D.5.3.4 Unplanned Events. When the Orbiter arrives at the OPF, the propel-
lant modules are removed, sent to the HMFfor maintenance, and, following this
maintenance, received for reinstallation. Residual fuel and oxidizer may be
present in the amounts listed in D.5.2.4. A worst-case event in the OPFwould
be the simultaneous release of substantial amounts of fuel and oxidizer. The
ensuing flame and effluent could damage or destroy the facility, cause en-
vironmental damage to a surrounding area (as governed by prevailing wind di-
rection, velocity, etc.), and result in injury or loss of life to involved
personnel. Reaction to such an event would include immediate activation of
the deluge system, together with firefighting and rescue operations by SCAPE-
suited personnel either present or summonedto the scene. Such a catastrophe
might be caused by human error, but this possiblity is minimized by the use of
certified operators. KSC/NASAmandated periodic inspection and recertifi-
cation of all lifting devices and of installation and access structures rule
out equipment failure to the extent possible.
Procedures governing an accidental rupture of hypergolic containers during
transportation between the OPF and HMF are discussed in D.5.2.4 as is acci-
dental personnel contact with fuels, hydrazine, or oxidizer.
D.5.4 SOLID ROCKETBOOSTER EFURBISHMENTANDSUBASSEMBLYFACILITY. The Solid
Rocket Booster (SRB) Refurbishment and Subassembly Facility (RSF) occupies
portions of two levels on the west side of the low bay in the VAB. Two sepa-
rate, though related, activities take place in the RSF. These are:
a. Assembly and Checkout Cells. Four open cells, on the first level, are
equipped and instrumented to receive, assemble, and test new SRB
flight hardware and recovered and cleaned SRB hardware from the
Recovery and Disassembly Facility (see D.5.13). Major assemblies are
the aft skirt, the frustum, and the forward skirt and associated com-
ponents. Subassemblies which are incorporated into the SRBcomponents
are the separation motors, the ordnance ring structure, the parachute
canister, the Thrust Vector Control (TVC) system, and the Integrated
Electronics System.
b. TPS Area for Solid Rocket Motors (SRM's). Directly behind (west of)
the assembly and checkout cells, on the first level, is a closed area
designed and equipped for the spray-application and oven-curing of the
Marshall Sprayable Ablator (MSA) compound to external surfaces of SRB
components. This area also contains the facilities for storing, cut-
ting, applying, and bonding the cork-based ablative protection that is
applied to selected surfaces of the SRB and Marshall Trowelable
Ablator (MTA) applied for closeout operations.
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The second level houses the dry materials and equipment for formulation of the
MSA spray-on coating. Solvents are stored in tanks outside the VAB and are
pumped to the second level, as needed. Location of this room directly above
the TPS application area enables gravity feed of the ablative compound to the
spraying equipment through piping and flexible lines. Adjacent to the mixing
room is an air-conditioned area for receiving and storing working quantities
of dry bulk MSAingredients. Other facilities on the second level include the
console room for the LPS, which will monitor and control checkout of SRB com-
ponents in the assembly and checkout cells on the first level, and a service
room and offices.
D.5.4.1 Substances. The following solids, liquids, and gases will be present
and used for production, cleaning, and test, will be generated by operations,
or will be present in SRB components.
Solids
Phenolic Microballoons Chopped glass fibers
Glass microspheres Milled glass fibers
Separation motor ordnance Bentone 27 (suspensoid)
Liquids
Epoxy polyurethane resin Hydraulic fluid
Perchloroethylene Paint
Methylene chloride Catalyst (methylene-dianiline
and meta-phenylene diamine)
Ethyl alcohol Deionized water
Acetone Potable water
Gases
Gaseous helium Compressed air
Gaseous nitrogen Solvent fumes
Also present to some degree may be dust and debris agitated by air-bearing
moving platforms, and particulates from brushing and sanding of the cured MSA
compound.
D.5.4.2 Environmental Impact. Operations in the mixing room and in the paint
spray booths wi|1 generate toxic fumes and require use of caustic substances.
To prevent injury to personnel and to the outside environment, the facility
has been equipped with a high-volume, point-to-point exhaust system for cap-
ture of fumes and particulates, and with protective clothing and breathing
apparatus to protect personnel from contact with contaminated atmosphere or
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caustic substances. Fumes collected by the exhaust system will be filtered
and diffused with air before being released to the atmosphere through a
61-meter (200-foot) stack. All wastes will be collected and removed in closed
containers for suitable disposal. Noise generated by this facility will be
consistent with light commercial operations as augmented intermittently by the
air-handling equipment and the cranes.
D.5.4.3 Hazardous Operations. A hazardous operation will take place when the
separation motors are lifted and installed and, again, when the completed
assembly is moved. During such operations, all but authorized and certified
personnel will be dismissed from the area. A degree of hazard will exist when
helium and gaseous nitrogen lines are connected and disconnected for test and
checkout purposes. While these operations do not necessitate evacuation of
personnel, the area will be restricted to essential, trained operators.
A hazardous operation will take place periodically when the spray-painting
equipment is cleaned and flushed. The solvent used will be a mixture of alco-
hol and acetone. All operations will be performed by personnel wearing
protective clothing and equipment and all waste products will be collected in
closed containers for subsequent controlled disposal.
D.5.4.4 Unplanned Events. An accident can occur in the RSF as a result of
equipment failure or human error. Dropping of a separation motor, depending
on distance of the drop and point of impact, could cause ignition. The degree
of damage resulting would depend on the orientation of the activated motor. A
worst-case combination of proximity to personnel and direction of blast or
motor travel could result in serious or fatal injury.
Ignition of cleaning compounds in the paint-spray booths would damage equip-
ment and endanger personnel. Inhalation of noxious vapors and eye or skin
contact with caustic substances would be injurious to personnel.
Periodic inspection and recertification of lifting equipment, access plat-
forms, and holding structures preclude equipment failure. Procedural safety
regulations coupled with strict and constant supervision will reduce the pos-
sibility of human error. Design features providing maximum safety include
separate exhaust systems for each spray booth, firex systems for water deluge
in the event of fire, and remote control spray equipment to eliminate person-
nel exposure to hazards. The entire facility has been designed expressly for
this operation and incorporates the best practical safeguards.
In the event of mishap, and as required, a sprinkling system and firefighting
equipment and personnel would contain the damage to the extent possible. Eye-
wash and shower stations are available for immediate use by endangered person-
nel who would subsequently receive medical examination and treatment.
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D.5.5 VAB SOLID ROCKETBOOSTERAND EXTERNALTANKCHECKOUTCELLS. In High Bay
4, ET's are stored and processed, SRB segments are received and staged, and
SRB aft booster assemblies are built up. One ET can be stored and another
serviced in the two high bay cells. A total of eight SRM segments can be
stored simultaneously (two aft, two for_vard, and four center segments).
Components of the SRBaft booster assembly include:
a. Aft skirt with four separation motors installed
b. Aft segment
c. Nozzle extension with linear-shaped charge installed
d. ET attach and stiffener rings
e. SRB/ET struts with explosive bolts
D.5.5.1 Substances. The following solids, liquids, and gases will be present
in the area:
Solids
SRBpropellant TPS tiles
Detonating devices TPS inter-tile sealant
Linear-shaped charges TPS foam
Liquids
Potable water Hydraulic fluid
Gases
Gaseous helium Compressed air
Gaseous nitrogen Exhaust fumes (vehicles)
D.5.5.2 Environmental Impact. Air quality will be temporarily and intermit-
tently degraded by the arrival and depa_Tture of service vehicles. Very small
amounts of gaseous helium may be released during connection and disconnection
of lines. These amounts will rapidly disperse in the atmosphere through ceil-
ing manifolds. Gaseous nitrogen used to pressurize the ET during leak tests
will be vented to atmosphere. Water quality will be unaffected because no
liquid pollutants are generated. Solid wastes from TPS application will be
collected and disposed of by approved methods. The level of noise generated
by overhead cranes and service vehicles will be consistent with past and pres-
ent similar activities in the VAB.
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D.5.5.3 Hazardous Operations. Transportation, reorientation, and suspension
of massive apparatus are inherently hazardous operations. Personnel who
manipulate the tag lines which guide suspended equipment into precise position
will be closely monitored by safety officials, as will personnel working in
the upper levels of the VAB. All movement and emplacement of equipment con-
taining explosive devices will be performed with strict observation of safety
regulations. A comprehensive list of safety regulations, applicable particu-
larly to operations in the High Bay 4 area, is continuously monitored and en-
forced to forestall human error. KSC/NASAmandated inspections and recertifi-
cation of all movable service and access structures and all lifting devices
reduce the possibility of equipment failure to a minimum.
D.5.5.4 Unplanned Events. A worst-case unplanned event would be ignition oi
one or more of the SRM segments in the VAB which could result in major
destruction of property, widespread environmental damage to flora and fauna,
and injury and loss of human life. This is an extremely unlikely event, a(.
shown by comprehensive tests and analyses made by manufacturers of solid
rocket propellant, by facilities that regularly use solid rocket boosters
(other than NASA), and by NASA (including numerous grants to scientific uni-
versity groups and commercial laboratories). As a result of these investiga-
tions, six situations have been identified which could cause unplanned igni-
tion, all of which have a probability of one in a million, or less, of occur-
ring.
a. Friction between hard surfaces
b. Impact between hard surfaces
c. High-velocity impact of an object on the grain (propellant)
d. Excessive heating of grain or a portion of it
e. High-energy electrostatic spark discharge
f. Reaction with incompatible substances
With the sources of potential accidents so identified, regulations and equip-
ment have been devised which reduce the probability of unplanned ignition even
further. Details of this mishap are given in 5.10.2.2.
An accident of lesser magnitude, but equally undesirable, could result from
rupture of a high-pressure gaseous helium or nitrogen line. Some damage to
equipment or facilities would result; the escaped gases would disperse harm-
lessly into the atmosphere. Personal injury is a remote possibility and would
require a remarkable combination of proximity and direction to be damaging.
The consequences of such an event would be immediate shutdown of the line,
prompt action by safety personnel present during hazardous operations, and
subsequent medical care. A detailed investigation would be conducted to
analyze the cause and to institute methods to prevent a recurrence.
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D.5.6 VAB SHUTTLEASSEMBLYAREA. During preparations for a Shuttle launch,
the Mobile Launcher Platform (MLP) will be stationed in High Bay 3. The MLP
provides the movable base for buildup and completion of the two SRB's, erec-
tion of the ET for mating wi_h the SRB's, and erection and mating of the
Orbiter with the ET/SRB assemblage. Installation of items of ordnance will be
accomplished and final purge and checkout procedure will be completed.
D.5.6.1 Substances. The only substances present in High Bay 3 other than the
solids, liquids, and gases in the Space Shuttle's sealed systems will be
gaseous nitrogen and gaseous helium for test and purge, potable water for fire
control, conditioned air for Environmental Control Subsystem (ECS) mainte-
nance, and small ordnance devices.
D.5.6.2 Environmental Impact. Operations in this facility will generate no
significant environmental impact. Air quality will be temporarily and inter-
mittently degraded by arrival of the Crawler Transporter, by MLP and Crawler
Transporter mating, and by Crawler Transporter departure with the MLP.
Exhausts generated by the Crawler Transporter's diesel engines will be dis-
persed to atmosphere through the VAB roof vents and the open doors. Very
small amounts of gaseous helium and gaseous nitrogen will be released by con-
nection/disconnection of lines and will be allowed to disperse in the atmos-
phere. Water quality will be unaffected because no liquid pollutants will be
generated. The noise level will occasionally be augmented by the Crawler
Transporter engines.
D.5.6.3 Hazardous Operations. Major operations in this facility are con-
cerned with transfer, erection, positioning, and mating of the SRB/ET/Orbiter
configuration. Final checkout requires the use of gaseous helium and gaseous
nitrogen test lines. All of the foregoing operations entail a degree of haz-
ard. The possibility of mishap due to human error is reduced to a minimum by
the vigilant supervision of safety and supervisory personnel. Mishap due to
equipment failure is made extremely unlikely by KSC/NASAmandated periodic in-
spection and recertification of all material handling equipment.
D.5.6.4 Unplanned Events. Since the High Bay 3 and the High Bay 4 areas are
contiguous with shared transfer aisle space, the description of D.5.5.4 is
applicable to this section.
D.5.7 MOBILELAUNCHERPLATFORM. The MLP is designed to provide a base upon
which components of the Space Shuttle can be erected and transported and from
which the Space Shuttle can be launched. Environmental impact resulting from
prelaunch activities is discussed in D.5.8; this section is confined to
environmental impact resulting from operations in the VAB.
D.5.7.1 Substances. Procedures for inspecting and testing interface con-
nections to the two tail service masts on the MLP require the use of gaseous
nitrogen, gaseous helium, Freon 21, and compressed air. Hydraulic fluid is
the only liquid used; no solid chemicals will be used.
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D.5.7.2 Environmental Impact. This operation is expected to produce no
significant environmental impact. Water quality will not be degraded because
no contaminated liquids will be generated. Air quality will be essentially
unaffected by the occasional small amount of gaseous nitrogen or gaseous he-
lium that might escape to atmosphere during connection and disconnection of
lines. No solid wastes requiring disposal will be produced. Noise will be
generated by overhead cranes, hydraulic units, and by the Crawler Transporter
emplacement activities in preparation for movement to the launch pad at Com-
plex 39. This noise will be intermittent, of short duration, and will be con-
sistent with light industrial activities.
D.5.7.3 Hazardous Operations. Physical hazards are posed for personnel
working in the confined quarters of the lower levels of the MLP. Low ceil-
ings, overhead lines and structures, and congestion of equipment dictate the
requirements for hardhats. All impinging construction and impediments are
highlightedwith signs and distinctivepaint stripes,so a short period of in-
doctrinationand increasingfamiliaritywith the surroundingsshould reduce
the potentialfor personnelinjury.
D.5.7.4 UnplannedEvents. A worst-caseunplannedevent would be ruptureof a
high-pressureline or a hydraulicfluid spill. Only if a personwere standing
directly in front of, and close to, the point of rupturewould injury result.
Rupture of a high-pressureline is extremelyunlikelybecause panels monitor
all working pressures and these are well below burst pressures. A more
conceivable,but unlikely,unplannedevent would be a bump or a fall sustained
by personnel, perhaps resulting in a broken bone. First aid equipment is
immediatelyavailablethroughoutthe area and subsequentmedical examination
and treatmentwould be administered. Large amounts of gaseous nitrogen are
used on the MLP during scheduledoperations. A series of insignificantre-
leases or a line leak could result in a sufficientaccumulationof gaseousni-
trogen to create an oxygen deficiencyin the breathingair. To precludesuch
an event,monitors are locatedthroughoutthe MLP which will emit audibleand
visual alarm signalsif the oxygen content of the breathingair falls below a
predeterminedIevel.
D.5.8 LAUNCH PAD A, COMPLEX 39. Launch Pad A, at Complex 39, has been ex-
tensivelymodified and is now being prepared for launchingthe first Space
Shuttlefrom KSC. Major installationsare the Fixed Service Structure(FSS),
the Rotating ServiceStructure(RSS) hinged from the FSS, and the launch pad
itself. Other componentsincludethe surroundingservice and support struc-
tures, supplylines, tanks,mobile tankers, and electricaldistributionfacil-
ities.
Major activities at Pad A include vehicle checkout and servicing, payload
preparation(with optionalinstallationat the pad of those payloadsrequiring
verticalmating operations),and launch.
The following details include all activities up to the start of terminal
countdownbut excludingengine ignitionand launch.
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D.5.8.1 Substances. The following solids, liquids, and gases will be present
and some will be used for flush, purge, checkout, servicing, or safety and
life support systems.
Solids
Solid rocket propellant Discarded packaging materials
TPS insulation residue
Liquids
Monomethylhydrazine Solutions of sodium hydroxide
Nitrogen tetroxide Solutions of sodium sulfite
Hydrazine Solutions of citric acid
Liquid oxygen Hydraulic fluid
Isopropyl alcohol Potable water
Gases
Gaseous nitrogen Gaseous helium
Gaseous hydrogen Compressed air
Gaseous oxygen Conditioned air
Freon 21 A_onia
Freon 12
Exhaust fumes from service vehicles (internal combustion)
D.5.8.2 Environmental Impact. All operations employing liquids and gases are
performed under "closed-loop" conditions. Releases of noxious and toxic fumes
will be directed to scrubbers which incorporate the most improved methods of
neutralization and purification before release to atmosphere. Large quanti-
ties of hydrogen gas released during fill operations will be piped to a burn
pond and ignited, producing water. Small quantities of hydrogen gas will be
directed to the top of the FSS for venting to atmosphere at the 90-meter
(295-foot) level.
Contaminated water and flush fluids produced by prelaunch activities will be
trapped in sumps and impoundments for removal and subsequent approved dis-
posal. Consequently, no adverse impact on water quality is foreseen.
Solid waste will consist of empty drums, reels, bottles, and other containers
which will be collected, purged, and cleaned as required for reuse, or dis-
posed of at the KSC sanitary landfill.
Noise will be generated by service vehicles and lifting equipment. It will be
intermittent and temporary, as service vehicles arrive and depart, cranes are
operated, and air-handling and power-generating equipment is active. Noise
levels will be consistent with I0 years of prior operations at KSC. An oc-
casional increase in the noise level occurs within the pad in the ECS room
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when blowers are operatingand when the hydraulic charging unit in the pad
terminalconnectionroom is activated. The increasein noise level is insig-
nificantoutside on the pad, but OSHA regulationsdictatethe wearing of ear-
plugs by personsinside of these installations.
D.5.8.3 HazardousOperations. Horizontaland vertical movement of massive
equipmentcreatesa potentiallyilazardousituation. Before such actionstake
place, safety,traffic, and personnelregulationsare enforced and established
procedures are strictly observed. The receipt and delivery of hypergolic
fluids and of toxic or flammable gases are also potentiallyhazardous. A
safety zone is establishedand maintainedfor such operationsand precautions
are taken to ensuremaximumsafety for personnel. Constantweathermonitoring
and forecastspermit restrictionor cessationof any operationswhich would be
rendered hazardousby the presence of severe winds or other weather disturb-
ances. Furthermore,computerpredictionsof transportdirection and concen-
trations of hazardous gases resulting from inadvertentspills/rupturesare
providedfor each operationconducted.
Hazards warning systems and personnelcontrol systems, including an entry-
point badge exchange procedure,are in force 24 hours a day at Pad A. Only
qualified,authorizedpersonsare permittedto enter the area and participate
in operations.
An accident in this area, of any type, would occur only as a result of human
error or equipment failure. Safety regulations,procedures, equipment, and
clothinghave been designedand are constantlymonitoredand enforcedto fore-
stall human error. KSC/NASAmandated periodic inspectionand recertification
of equipmentserveto reduce the possibilityof equipmentfailureto a mini-
mum. Safety equipment,fire and rescue units, and quick exit and escape fa-
cilitiesare providedwherevertheir need can be anticipated.
D.5.8.4 UnplannedEvents. A worst-caseunplannedevent would be the defla-
gration resulting from rupture of the ET and the release of uncontrolled
quantitiesof liquid hydrogen and liquid oxygen. Damage and destructionto
adjacent paraphernaliaand structures would occur; the surroundingterrain
would be scorched and seared, and loss of human life would occur. If fire
were to occur, the fireballwould be expectedto engulf the pad for approxi-
mately I0 seconds at 2900°K (4580°F), resulting in veilicle collapse, segment
separation, and propellant burn for up to 800 seconds. Extensive facility
damage would result, personnel in or on the vehicle would be lost, and flora
and fauna in the immediate area of the launch pad would be destroyed. Air
quality would be affected by the effluent produced from the fire. Computer
simulations of this event have been performed and results show that maximum
concentrations of the effluent which might exist beyond the KSC boundaries do
not exceed the Public Emergency Limits. The combination of failures, errors
in procedures, and departure from regulated operations which would have to
take place in concert to result in such an event makes the probability of
occurrence extremely low.
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A more conceivable,though unlikely, unplanned event would be rupture of a
serviceline, resultingin release of noxious,toxic, or flammableliquid or
gas. The consequencesof such an event would be a temporarydegradationof
local atmosphere. Gas releases would escape to atmosphere;liquid spills
would be confined by pad construction. Reaction to this type of emergency
would includeimmediateshutdownof the line, followedby cleanupby certified
fire and rescue personnel and equipment which remains on standby for such
contingenciesduring each operation. Operationalexperienceover many years
of activity indicates that such an event would be rendered safe in the
shortest possible time, and impact to the environmentwould be limited to
localizedair quality degradationand minor destructionof land and property
in the immediatearea involved. Following even the smallest event of this
kind, investigationswould be initiatedto discoverand correctthe conditions
which permittedthe event to occur.
D.5.9 ASSEMBLY AND CHECKOUT AREA - OPERATIONS AND CHECKOUT (O&C) BUILDING.
The south side of the O&C Building is designed and equipped for assembly and
checkout of spacelab modules and pallets and to verify that the cargo for a
particularflight is compatiblein form, fit, and functionfor horizontal in-
stallationin the Orbiter payload bay. Spacelab configurationswill be mod-
ules and pallets, or pallets equipped with experiments. Cargo Integration
Test Equipment (CITE)will be used to perform physical and functionaltests.
After final approvaland acceptance,the cargo will be transportedto the OPF.
D.5.9.l Substances. The followingsolids,liquids,and gases will be present
in the Assemblyand Test Area and will be used for cleaning,pressurizing,and
testingfor environmentalcontrol,or will be generatedby operations.
Solids
Solid wastes will consistof wood, paper, and cardboard
packingand packagingmaterials.
Liquids
High-pressurewater will be present for outsidecleaning
and for insidefire hoses.
Gases
Gaseous nitrogen Freon 21
Gaseoushelium Compressedair
Gaseous oxygen
D.5.9.2 EnvironmentalImpact. Air quality will not be degraded because all
equipmentused will be electricallyoperated. The gases used for test pur-
poses and for environmentalcontrol are confined, and any small releases
occasionedby connectionor disconnectionof lines will dissipateharmlessly
in the controlledatmosphere. Solid wastes will not be allowedto accumulate
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and will be disposedof in accordancewith acceptablemethods. Water quality
will be unaffected. Noise will be at a level normally associatedwith light
commercialactivities.
D.5.9.3 HazardousOperations. Nearly every operation involvingmovement or
lifting of equipment will be associated with large and heavy components.
Therefore,a degree of hazard exists for personneland facilitiesif mishan-
dling or equipmentfailurewere to cause an impact. Regulatedproceduresand
constantsupervisorysurveillancewill minimizethe probabilityof such a mis-
hap.
D.5.9.4 UnplannedEvents. Heavy equipmentis used throughoutthis facility.
Therefore, a worst-case unplanned event would be an accident involving
dropping a piece of equipment. The result could be extensivedamage to the
equipment and possibleinjury or death to personnel. The probabilityof such
an event is made remote by procedureswhich forbid personnelin a danger area
during such moves, and periodic inspection and recertificationof service
equipment. An unplannedevent involvingdropping of an experimentalpackage
could occur. The resultswould depend upon the natureof the contents.
D.5.10 VERTICALPROCESSINGFACILITY (VPF). The VPF is locatedin the build-
ing formerly known as SpacecraftAssembly and EncapsulationFacility (SAEF)
No. I. This facilityhas been modifiedto accommodateprocessingand checkout
of verticalpayloads/cargo. This facilitysharesthe functionalCITE checkout
equipmentwith the O&C Building. Processingof vertical and horizontalpay-
loads can proceed simultaneously,but only one CITE program can be conducted
at a time. Similarfunctionsare performedin the VPF and the O&C Building
Assembly and Test Area with the difference being in the orientationof the
cargo.
D.5.10.1 Substances. The followingsolids,liquids,and gases will be pres-
ent in the VPF and will be used for cleaning,pressurizing,and testing, for
environmentalcontrol, will be generatedby operations,will be used in the
scrubbers,or will be presentin the Upper Stages/payloads.
Solids
Solid rocket propellant Contentsof trash containers
[Assuming the presence of a 2-stage Inertial Upper Stage
(IUS) in each of the two cells in the facility,maximum
quantity of solid rocket propellantpresentcould be 9,525
kilograms (21,000 pounds) in the first stage and 2,722
kilograms(6,000pounds)in the second stage for a combined
total of 24,494kilograms(54,000pounds).]
Liquids
Hydrazine Water (forfire hoses and deluge)
Liquid Freon 21 Solutionsof citric acid
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[The maximumquantity of hydrazine for the Teleoperator Re-
trieval System (TRS) could be 683 kilograms (1,505 pounds)
in each of four kit tanks and 54 kilograms (120 pounds) in
the attitude control core module, for a total of 2,785 kil-
ograms (6,140 pounds).]
Gases
Gaseous nitrogen Compressed (shop) air
Gaseous helium Freon 21
D.5.10.2 Environmental Impact. Air quality will be degraded by small amounts
of escaped gases, occurring during connection and disconnection of lines.
Hydrazine spills will be directed to a 1,360-kilogram (3,000-pound) capacity
drain tank equipped with a scrubber to neutralize the fumes before release to
the atmosphere. Other spills will be impounded by facility construction and
directed to an 18,927-liter (5,000-gallon) tank for subsequent collection by a
waste tanker. Solid wastes will be promptly disposed of by approved methods.
Noise will be at a level normally associated with light commercial activities.
D.5.10.3 Hazardous Operations. A hazardous operation will take place in the
VPF when hydrazine must be loaded into a TRS. To minimize the danger, non-
involved personnel will be dismissed from the area, the hydrazine will be
brought to the area by a service vehicle, and SCAPE-suited technicians will
perform the operation under strict supervision by safety authorities.
Other hazardous operations will be performed whenever large and heavy com-
ponents must be moved or lifted. Periodic inspection and recertification of
handling equipment will help to minimize the risk of accident due to equipmentfailure.
D.5.10.4 Unplanned Events. A worst-case unplanned event would be tank rup-
ture followed by ignition of uncontrolled amounts of hydrazine. The ensuing
flame and effluent could cause extensive facility damage and could result in
injury or loss of life to personnel and wildlife in the immediate vicinity.
The mitigating procedures outlined in D.5.2 would immediately be instituted.
Another possibility would be accidental ignition of an IUS, with subsequent
damage to surrounding facilities.
D.5.11 LAUNCHEQUIPMENTEST FACILITY. The major installations of the Launch
Equipment Test Facility (LETF) are located outside of and adjacent to Building
M7-505. Consoles for directing the tests performed are stationed inside the
building which is about 0.4 kilometer (I/4 mile) southeast of the O&C Build-
ing.
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Prior to its installation at the launch complex, or at the VAB on the MLP, the
following launch-critical Ground Support Equipment is tested and qualified at
this facility:
a. Orbiter Access Arm
b. Tail Service Masts
c. ET gaseous hydrogen vent line and access arm system
d. SRBholddown/support posts system
D.5.11.1 Substances. The following solids, liquids, and gases will be pres-
ent at the LETF.
Solids
The only solid wastes will be the contents of the trash con-
tainers.
Liquids
Liquid nitrogen Hydraulic fluid
Liquid hydrogen Potable water
Gases
Gaseous helium Compressed (shop) air
Gaseous nitrogen ECS (atmospheric) air
Gaseous hydrogen
D.5.11.2 Environmental Impact. Air quality will be periodically and inter-
mittently degraded by the exhausts of arriving and departing service
vehicles. Released gaseous nitrogen and gaseous helium will quickly disperse
in this open-air facility. Gaseous hydrogen releases will be directed to the
upper atmosphere through sealed lines to tall vent stacks. Water is used to
cool hydraulic units. This water may become contaminated by small leaks of
hydraulic fluid. The water flows from a cooling tower, through the cooling
chambers surrounding the hydraulic machinery, and ultimately is directed to a
sump. The contents of the sump are directed through underground lines to an
adjacent, lined, skimmer pond. This pond is bisected by a barrier which skims
off any oils present before the water flows under the barrier and is auto-
matically discharged into a drainage ditch. Noise is generated by arriving
and departing service vehicles, by the operation of mobile cranes, and by
operation of hydraulic pumps. The first two sources present an insignificant
increase in the general noise level in the facility area. The operation of
the hydraulic pumps generates a significant amount of noise which, however, is
muffled by the surrounding concrete modular unit. Personnel required to enter
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this facility while the pumps are in action must don the earmuff-type noise
suppressors supplied per safety regulations. Solid wastes are disposed of by
conventional methods.
D.5.11.3 Hazardous Operations. A hazardous operation takes place in this
facility when the lines, valves, and connections used to direct the liquid hy-
drogen to the ET during pad fill are tested. In order to make this operation
as safe as possible, this testing takes place only after regular working hours
or on weekends when traffic is at its lowest. A 183-meter (600-foot) safety
perimeter is installed and monitored at all points by safety personnel and all
persons other than those essential to the operations are evacuated from the
area. All applicable safety regulations and procedures are continuously moni-
tored and enforced by supervisory personnel. Minor hazardous operations exist
and are recognized in the presence of pressurized lines containing liquid ni-
trogen, gaseous nitrogen, gaseous helium, and hydraulic fluid.
D.5.11.4 Unplanned Events. A serious mishap could occur through the acci-
dental release of uncontrolled amounts of liquid hydrogen. A fire could re-
sult which would damage or destroy equipment and present a danger to person-
nel. The liquid hydrogen is supplied from tankers so the ensuing action would
include immediate shutdown of the supply lines, activation of the fire sup-
pression water supply, and rescue and firefighting operations by trained per-
sonnel. The occurrence of such an event is unlikely because all hydrogen-
related equipment is periodically inspected and recertified in accordance with
KSC/NASA regulations. The limited number of personnel in the area would
further reduce the possibility of injury. The rupture of any of the fluid or
gas-bearing lines could result in equipment damage and a remote possibility of
human injury. Shower and eyewash facilities are available for instant use,
and medical aid would be promptly administered. The rupture of any of the
lines is unlikely because the working pressures are constantly monitored by
remote consoles and the safety factor of burst pressure versus working
pressure is at least four to one.
D.5.12 CONVERTER/COMPRESSORFACILITY (CCF). The CCF consists of the lines,
valves, compressors, consoles, and panels for receiving, pressure-regulating,
and distributing gaseous nitrogen and gaseous h_lium. This facility delivers
the gases at desired pressures to the ECS's at the pads and to the storage
batteries at the VAB, the MLP, and at each launch complex. All equipment in
the CCF is powered by electricity.
D.5.12.1 Substances. The following solids, liquids, and gases will be
present or will be generated by the CCF:
Solids
No chemical solids are used or generated by this facil-
ity. Solid waste will consist merely of the contents of
trash containers.
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Liquids
Potablewater is presentin this facilityfor fire hoses
and for personneluse. Lubricatingoil also is present.
Gases
Gases present are gaseous helium and gaseous nitrogen
which pass throughthe facility for pressure regulation
and distribution.
D.5.12.2 EnvironmentalImpact. This facility will produce no significant
environmentalimpact. Water qualitywill not be degraded becauseno contami-
nated liquids will be generated. Air quality will be degraded for short
periods by the arrivaland departureof servicevehicles. All operationscon-
cerned with gaseous nitrogenand gaseous helium are performedunder confined
conditions. Solid waste in the form of paper and cardboardwill be removed
for compactionand disposal. Noise will be limitedto that generatedby serv-
ice vehicles.
D.5.12.3 HazardousOperations. The hazardousoperations connectedwith the
normal activitiesin the CCF involvehigh-pressuregases in large quantities.
Approved procedures,trained personnel, and extensive equipment maintenance
combineto reduce risks to the minimumobtainable.
D.5.12.4 Unplanned Events. A worst-case unplanned event in this facility
would be the ruptureof a high-pressure(6000to 7000 psig) line or failureof
a seal. The resultscould be damage to adjacentequipment or injury to per-
sonnel. The probabilityof such an event is remote becausepressuresare con-
tinuouslymonitoredand regulated;burst pressuresare four times greaterthan
operating pressures. Atmospheric dispersion would occur within controlled
operationalareas. No permanentenvironmentaldamage would result.
D.5.13 SRB RECOVERYAND DISASSEMBLYFACILITY. An SRB Recoveryand Disassem-
bly Facilitywill be constructedto receive,safe, clean, and disassembleseg-
ments and components of retrievedSRB casings. Also received are the re-
trieved parachutes and the nozzle plug which are in_nediatelyforwarded to
other facilitiesfor refurbishment.
D.5.13.1 Substances. The followingsolids,liquids, and gases will be pres-
ent as residualsin the SRB, will be used for cleaning,or will result from
operations:
Solids
MSA and MTA (seeD.5.4) Metallicdiscards(nuts,bolts, rivets)
Cork ablativecoating Marine growth (barnacles,sand, seaweed)
Charredpropellant Contentsof trash containers
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Liquids
Wash water Hydraulicfluid
Detergents Hydrazine
Gases
Gaseous nitrogen Compressedair
D.5.13.2 EnvironmentalImpact. Of the areas of environmentalimpact (air,
water, land, noise) which could be affected by operationsat this facility,
degradationof water quality is the primaryconcern. The compositionof the
waste water will not be availableuntil analysis is performedafter the first
retrievedSRB is processed. For that reason,provisionsare being made to en-
sure that no SRB waste water is releasedto the environmentuntil it has been
rendered acceptablefor dischargethrough the associatedland spreading sys-
tem. Waste water will be directed through troughs and sumps to individual
(MSA, propellant,or surfactant)tanks for analysis and field disposal. Air
qualitywill be slightlyand intermittentlydegradedby exhaustemissionsfrom
arriving and departing service vehicles. Noise levels will be periodically
augmentedby operationsand by service vehiclesbut not to a significantde-
gree. Noise producedby occasionalhydrolaserstrippingmay requireear pro-
tection. Solid wastes will be removed to the sanitary landfill or inciner-
ated, as required.
D.5.13.3 HazardousOperations. Operationof the hydrolaserto strip MSA from
the SRB could present a hazard to personnelbecause of the high velocity of
the water jet; [57 liters (15 gallons) per minute at 58,590 kg/m2 (12,000
psi)]. To preclude injury to personnel,a safety perimeterwill be estab-
lished and maintainedthroughoutthis operation. Other hazardousoperations
includeremovalof up to 7.6 liters (2 gallons)of hydrazinefrom the TVC sys-
tem and removal of the linear-shapedself-destructcharge. These operations
will be performedby SCAPE-suitedpersonnel.
D.5.13.4 UnplannedEvents. A worst-caseunplannedevent would be ignitionof
the residualhydrazine in the TVC. Equipmentcould be damaged or destroyed
and a small toxic cloud would develop. Attendantsafety personnelwould de-
termine the probable course of the cloud and evacuate people in the danger
zone as rapidly as possible. Meanwhile,firefightingequipmentwould be used
to extinguishthe blaze. Contaminatedfluidswould be impoundedand collected
as described in D.5.13.2. Accidental activationof the linear-shapedself-
destructcharge would result in flying debris which could injure personnelin
the immediatevicinity. Occurrenceof such an event is improbablebecausethe
charge is safed as a routine part of SRB recovery. A more plausiblebut un-
likely event would be rupture of a gaseous nitrogen line. An event of this
type could injure personneland damage equipment. To preclude such an event,
all lines are inspectedand tested to verify a burst pressure at least four
times greaterthan operatingpressure.
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D.5.14 LIFE SCIENCEFACILITY. Hanger L, located at the CCAFS,will be modi-
fied to satisfy Life Science experiments requirements. Basically, this facil-
ity will provide for preflight receipt and handling of experimental flora and
fauna specimens, inflight synchronous ground control of flight specimens and
control specimens, and post-flight examination and disposal.
D.5.14.1 Substances. The following solids, liquids, and gases will be pres-
ent in this facility.
Sol i ds
Cage litter Carcasses
Animal excrement Discarded containers
Liquids
Potable water Liquid radioisotopes
Distilled water Medicines
Gases
Propane Anesthetics
Conditioned air Compressed air (ECS)
Clarification of the purpose and use of some of the foregoing substances may
be in order. The cage litter will consist of commercial wood chips in remov-
able trays for catching the droppings of the caged animal above through a
grilled floor. The propane gas will be provided for laboratory Bunsen
burners. The compressed air (ECS) is temperature and humidity controlled and
will provide positive pressure for certain areas; a vacuum system will provide
negative pressure in the area where the radioisotopes are used.
D.5.14.2 Environmental Impact. Animal carcasses containing radioactive iso-
topes will be frozen, collected with other radioactive wastes, and shipped to
an offsite Federal repository. An incinerator, designed and certified to meet
all applicable regulations with regard to effluents and particulates, will be
used to dispose of cage litter and some animal carcasses. All liquid wastes
will be directed to the sanitary sewage system. Other solid wastes will be
collected for normal trash collection and disposal. No noise above ambient
levels will be generated other than arriving and departing service vehicles.
D.5.14.3 Hazardous Operations. The only operation in this facility that
could remotely be called hazardous would be handling of live specimens; a pos-
sibility of being scratched or bitten exists. However, since the only people
handling the specimens will be trained and experienced biologists, this would
be very unlikely. Moreover, medical attention and supplies will be immedi-
ately available. No environmental impact would ensue.
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D.5.14.4 Unplanned Events. A significant unplanned event would be a fire.
Specimens could be destroyed and radioisotope fluid could be vaporized.
Health physics specialists of the KSCFire and Rescue Squad would be called to
extinguish the fire. Environmental impact would be limited to the inlnediate
premises and no long-term effects would result.
Another unplanned event could be the escape of specimens to the surrounding
area. To avert such an event, all flora and fauna so used will be inven-
toried, secured, and ultimately disposed of in an enviromentally acceptable
manner.
D.5.15 PARACHUTEREFURBISHMENTFACILITY. The Parachute Refurbishment Fa-
cility consists of two areas. One is an outdoor, covered area and the other
is a one-story, air-conditioned building with low and high bay equipment. The
function of the facility is to receive, temporarily hold, refurbish, assemble,
and ship the decelerator subsystems for the SRB. The subsystems and assoc-
iated hardware include the main and drogue parachutes, deployment bags, flota-
tion devices, location aids, ordnance devices, support structure, plenum
chamber, and altitude switch and tubing.
D.5.15.1 Substances. The following solid, liquids, and gases will be present
in this facility and will be used for refurbishment activities or will be the
discarded residue from replacement of components.
Sol i ds
Solid wastes will consist of discarded hardware and fab-
rics.
Liquids
Liquid wastes will consist of potable water and polluted
rinse and wash water. No additives (i.e., surfactants,
bleaches, softeners) will be used.
Gases
Compressed (shop) air will be present.
D.5.15.2 Environmental Impact. Air quality at this facility will be briefly
and intermittently degraded by exhaust effluents from arriving and departing
service vehicles. An insignificant increase in the ambient noise level will
result from operation of service vehicles, forklifts, overhead cranes, and
laundry driers. Wash and rinse water, polluted with salt and some organic
residues (e.g., seaweed), will be directed to a holding tank for subsequent
testing, dilution, and discharge to a drainage ditch when acceptable levels of
purity have been obtained.
D.5.15.3 Hazardous Operations. There are no hazardous operations associated
with normal procedures at this facility. The degree of hazard usually con-
nected with the presence of detonating devices is minimal in this vicinity
D-36
because the leads of these devices are always shortedtogether for safe han-
dling. No testing or continuity checks of these devices will be performed
here.
D.5.15.4 UnplannedEvents. Since operationsat this facilityare essentially
similar to those of a commercial laundromat,any unplanned event could only
have its origin from an outside source.
D.5.16 LOCOMOTIVE MAINTENANCE. A locomotivemaintenance facility will be
provided for servicing two 746-kilowatt (l,O00 horsepower) diesel-electric
switching locomotives. Operations will include refueling, lubrication,
washing, cleaning of components,replacementof small components,compressed
air cleaningof electricalcomponents,applicationof liquid insulation,serv-
icing of batteries,and painting.
D.5.16.1 Substances. The following solids, liquids, and gases will be
presentand will be used for locomotivemaintenanceor will be producedby op-
erations.
Solids
Lubricatinggreases Contentsof trash containers
Liquids
Diesel fuel Wash water
Solvents Paint
Liquid insulation(glycol) Paint thinner
Lubricants
Gases
Compressed (shop) air
D.5.16.2 Environmental Impact. This facility will produce environmental
impact comparable to a small service garage. Small spills and drips, as well
as the water from washing and rinsing, will disperse into the surrounding
soil. Air quality will be minimally degraded by diesel exhaust during arrival
and departure of the locomotives. Noise generated by the diesel motors will
be intermittent. Solid wastes will be taken to the KSCsanitary landfill.
D.5.16.3 Hazardous Operations. There are no hazardous operations performed
in this facility. The 11 types of lubrication used daily, weekly, monthly,
quarterly, semiannually, and/or annually will support combustion but are not
highly flammable. The paints and thinners are volatile and will be used in a
flame-restricted area.
D.5.16.4 Unplanned Events. It is possible that a violation of regulations
and procedures could result in a fire. The KSC fire department would at once
be summoned and the fire would be suppressed by the means and chemicals
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indicated for the flammable involved. Damagewould be slight, with little or
no danger to personnel, and environmental impact would be localized and very
temporary. Subsequent cleanup would remove and dispose of residues from the
mishap.
D.5.17 BARGEAND TUGBOAT. KSC owns and operates a 20-meter (65-foot),
448-kilowatt (600-horsepower) tugboat and a 79-meter (260-foot) flatdeck barge
which are used principally in the Banana River and Port Canaveral area. The
barge and tug are berthed either at the VAB dock or at Port Canaveral, depend-
ing on the operational needs.
D.5.17.1 Environmental Impact. A professional marine towing company pro-
vides, under contract, all manpower, repairs, and materials; major repairs and
maintenance are performed in an offsite shipyard. Local maintenance is con-
fined to minor mechanical work and above-water painting. During movement of
the vessels, speed is adjusted to generate a minimum of wake to avoid disturb-
ance of sea life and retaining walls.
D.5.17.2 Hazardous Operations. Beyond normal hazards associated with marine
transport activities, there are no special hazardous operations performed by
this equipment. During periods of violent winds and heavy seas, the barge and
tug are moored in protected areas.
D.5.17.3 Unplanned Events. A worst-case unplanned event would be a collision
between the barge or tug with another vessel, with bridge supports, or with a
manatee. Both vessels comply with applicable U.S. Coast Guard regulations
governing equipment and operation, and speed of travel is restricted. There-
fore, an accident of this type is extremely unlikely.
D.5.18 SHUTTLELANDINGFACILITY. The Shuttle Landing Facility (SLF) is a
5-kilometer (3-mile) long runway located northwest of the VAB. Included in
the equipment stationed at this facility will be:
Landing Aids Control Building
Microwave Scanning BeamLanding System
Orbiter Mate/Demate Device
Mack Tractor (2)
Fire Truck (2)
Ambulance
Convoy Commander's Vehicle
Rescue Vehicle
T-O (Wheel-Stop) Umbilical Access and Stair Truck (2)
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Crew Access Truck
Package SewageTreatment Plant
D.5.18.1 Substances. The following solids, liquids, and gases will be
present at the SLF:
Solids
The only solid wastes present will be the contents of trash
containers.
Liquids
Jet fuel Lubricating oil
Aviation gasoline Potable water
Protein foam
Gases
The only gases present will be the exhaust fumes from land-
ing and departing aircraft, from service vehicles, and
possibly ammonia vapors from the Orbiter.
D.5.18.2 Environmental Impact. Air quality at the SLF will be periodically
degraded by the exhaust effluents of landing and departing aircraft and of
service and safety vehicles. Landing of the Orbiter will temporarily degrade
air quality (alm_onia vapors) but no environmental impact is expected.
Flushing and rain action will wash fuel and oil residues off the runway and
into the surrounding moat. The contents of the moat will be impounded by a
removable dam. If analysis of the contents of the moat indicates an accept-
able level of purity, the dam will be opened to allow release to the surround-
ing drainage area. When required, the contents will be chemically treated
before release. Noise generated by aircraft and vehicles will be consistent
with that of a small co_nercial airfield. Sonic boom will occur during
Orbiter landing approach.
D.5.18.3 Hazardous Operations. Aircraft landing and takeoff activities at
this facility entail only the degree of hazard normally associated with such
operations. The entire sequence of Orbiter landing is considered a hazardous
operation because of the characteristics of the vehicle. The equipment listed
in D.5.18 is provided to reduce these hazards to a minimum.
D.5.18.4 Unplanned Events. A worst-case unplanned event in connection with
the SLF would be Orbiter crash landing or careening off the runway. Depending
on the degree of damage incurred, residual quantities of hydrazine could be
released and injury or death of crewmembers or passengers could occur. Every
facility for prevention of such an occurrence has been provided and the equip-
ment of D.5.18 will be standing by to take immediate action to ameliorate the
results.
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Engineering studies have shown that the Orbiter is not significantly
threatened by the potential bird strike hazard at KSC. However, conventional
aircraft which could ingest birds into the engines or suffer windshield shat-
ter from a bird strike may be susceptible. Studies are underway at KSC to
quantify and better define the potential for bird/aircraft collision and to
evaluate methods for mitigating this problem area.
D.5.19 HYDRAULICPOWERUNIT TEST FIRING. The Hydraulic Power Unit (HPU) is a
part of the TVC system of the SRB. In operation, hot gases generated by cata-
lyzed hydrazine actuate a turbine which provides hydraulic power to the TVC
for SRB guidance. Test firings of the HPU to verify performance before in-
stallation in the SRB will be performed in Building M7-1411. This L-shaped
building, in the vicinity of the HMFComplex, is approximately 14 by 14 meters
(45 by 45 feet) with a 3- by 9-meter (I0- by 30-foot) dogleg extension.
D.5.19.1 Substances. The following solids, liquids, and gases will be pres-
ent and will be used for inspection and servicing the HPU systems, for test
firing, or will result from operations.
Solids
Contents of trash containers
Liquids
Hydrazine Potable water
Hydraulic fluid
Gases
Hydrogen emissions Gaseous nitrogen
Nitrogen emissions Gaseous helium
Ammonia emissions Compressed (shop) air
D.5.19.2 Environmental Impact. Preparations for HPU test firings will in-
clude placement of a hydrazine service cart outside of the facility. The cart
will be connected to the aft skirt quick-disconnect service points. Facility
gaseous nitrogen or gaseous helium will be used to pressurize the cart and
fill the dual HPU system with up to I0 kg (22 Ib) of hydrazine (each module)
for a total of 20 kg (44 Ib). After fueling, the lines will be disconnected
and the cart will be removed to a safe distance. All operations requiring hy-
drazine servicing and deservicing will be performed by SCAPE-suited person-
nel. Control, monitoring, and recording of test firing will be provided by an
instrumented control van stationed at the adjacent trailer pad and connected
by cables to the aft skirt systems.
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During the test firin_g,the north, east, and south doors of the facilitywill
be open and the 566 m_ (20,000ft3")per minute roof exhaustfan will be oper-
ating. At actual firings, emissionsproduced by the dual HPU systemsover a
period of 166 to 180 secondswill be:
Hydrogen 44% of emissions 46.56 m3 (1,644ft3)
Nitrogen 30% of emissions 31.78 m3 (I,122ft3)
Ammonia 26% of emissions 27.53 m3 (972ft3)
Total of dual system emissionsI05.87m3 (3,738ft3)
Water quality will not be degraded because no pollutantswill be releasedto
the water table or the sewage system. Air qualitywill be brieflydegradedby
emissionsfrom arrivingand departingvehiclesand during the 3-minute,maxi-
mum, releaseof the test firingemissionslistedabove. These emissionswhich
will be exhaustedthroughthe 18-meter (58-foot)high roof fan will disperse
readily in the atmospherewith insignificanteffect. No noise of a signifi-
cant levelwill be producedby test operations.
D.5.19.3 HazardousOperations. The entire sequenceof test firing and check-
out of the HPU system entailshazardousoperations. The aft skirt sectionof
the SRB will be moved from the low bay area of the VAB to the HPU test stand
in M7-1412 on a transportdolly. Proceduresfor averting a traffic accident
during transportationare discussed in D.5.2.3. At the test facility, the
skirt section, mounted on the transport dolly in flight attitude,will be
positionedin the test cell, using an overheadcrane. Placementof this mas-
sive equipmentpresentshazardswhich are overcomeby constantsupervisionby
safety personnel and periodic inspectionand acceptanceof facilitiesto en-
sure against equipmentfailure. The skirt section protectivecover will be
removedand the HPU systemswill be inspected,purged, and leak-testedusing
facility gaseous nitrogen. Small leaks of gaseous nitrogenwhich may occur
during connection and disconnectionof lines will be dissipated through the
roof vent. SCAPE-suitedpersonnelwill fuel the HPU modules with hydrazine
from the servicecart. All personnelexcept the SCAPE-suitedtechnicianswill
be evacuated from the test cell during these operations. The HPU exhaust
gases generatedduring the remotelycontrolledfiring will exit the nozzle at
a temperatureof approximately427°C (800°F). Hydrazine spills of less than
3.8 liters (l gallon)will be absorbedin waste material and disposedof in an
incinerator. Larger spills will be removedby an aspiratorand directedto a
hydrazinewaste tanker stationedon a bermed pad adjacentto the facility. An
operationalintercommunicationsystem and an area warning system will be used
to establisha safety perimeterduring all hazardousoperations.
D.5.19.4 UnplannedEvents. A worst-caseunplannedevent would be a line rup-
ture resultingin the releaseto atmosphereof approximately20 kg (44 lb) of
hydrazine. Human life would not be endangeredbecause the only people in the
vicinity would be SCAPE-suited. Also, the bermed pad would confine the
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spill. However, the resulting fumes, depending on wind direction and veloc-
ity, could prove harmful or even lethal to any flora or fauna enveloped by the
emissions. The aspirator would immediately be employed to remove the spill
and direct the pollutants to the tanker and, as required, the pad deluge sys-
tem would be activated to reduce the hydrazine concentration. No long-term
effects are expected.
D.6 SPACELABOPERATIONS
The processing of Spacelab modules at KSC involves experiment and equipment
integration, rack buildup, and module assembly. These tasks require electri-
cal, mechanical, and instrumentation work, lifting and moving efforts, and
test/checkout operations typical of aerospace assembly work.
Only a minimum air quality impact due to vehicle and transporter operation is
produced. There are no water quality impacts associated with Spacelab opera-
tions. Noise is limited to occasional small handtool use and crane and trans-
porter operations consistent with light industrial activities. OSHAnoise
limits are never exceeded. Standard solvents and cleaning fluids, shop com-
pressed air, oxygen, and gaseous nitrogen for purges present the only hazards
from the presence and use of chemical substances. All spills and wastes are
collected and transferred to KSC repositories for disposal by appropriate
methods. Since the Spacelab is a nonpropulsive cargo for the Space Shuttle,
it is integrated into the STS at the OPF.
D.7 UPPERSTAGESOPERATIONS
The inertial upper stage (IUS) and the Spinning Solid Upper Stage (SSUS) are
propulsive stages which are assembled in dedicated facilities at CCAFSand KSC
and integrated into the Space Shuttle at the launch pad. Both types of upper
stages are mated with automated payloads, serviced, and checked out prior to
STS integration operations. Because an IUS is considerably larger than an
SSUS, this discussion is directed towards impacts involving the IUS. However,
operations for the SSUSare of a similar nature and will produce impacts of
the same kind but of significantly less magnitude.
D.7.1 IMPACTONAIR QUALITY. NASAground operations for the IUS program will
result in minimum air quality impacts. Generally, impacts will be the result
of emissions from project-related automobile, truck, aircraft, and rail traf-
fic. Discharges of gaseous oxygen, hydrogen, nitrogen, and helium are also
expected in minimum amounts from normal servicing operations. A catastrophic
accident during launch operations, or a production or processing mishap, could
produce significant localized air pollution within the controlled area.
Local onbase air quality could be substantially altered for a short time fol-
lowing an uncontrolled SRMignition and burn during final assembly and ground
operations. This would cause an impact of great importance due to the hazard
for operations personnel and the potential damage that could occur to prop-
erty. SRMcombustion products are shown in table D-3. Of the major detect-
able exhaust products, aluminum oxide, carbon monoxide and hydrogen chloride
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are recognized as air pollutants presenting a potential hazard in the lower
atmosphere, depending on their concentrations.
Table D-3. Solid Rocket Motor Exhaust Products at Nozzle Exit Plane
i
Largest
Combustion Weight Unit Stage One SRM
Product Fraction (%) IUS (kg) Scout (kg) Titan III-D (kg)
HCI 21.10 9,954 9,674 197,074
H20 4.85 2,288 3,347 68,186
H2 2.73 1,287 1,149 23,400
col__/ 26.19 12,357 13,064 266,124
CO2 2.89 1,365 1,168 23,783
N2 8.23 3,882 3,893 79,308
AI203 34.01 16,045 14,171 288,659
Other - - 613 12_467
I00.0 47,178 47,079 959,001
Scout and Titan SRM's are shown for comparison.
I__/As the result of observations and analyses, it is anticipated that CO
generated by the SRM's will oxidize to CO2 due to the initial high
temperature of the COand the abundant presence of oxygen in the lower
atmosphere.
Because the IUS is much smaller than the Space Shuttle SRM but similar in
type, calculations show that ground-level concentrations for exhaust products
under catastrophic failure would not exceed public exposure limits.
In the remote event of a catastrophic accident at the launch pad, the IUS
would contribute hydrazine and SRMcombustion products to those released by
the Space Shuttle. The maximumquantities of IUS propellants would occur dur-
ing missions using the three unit IUS [21,572 kilograms (47,558 pounds) of
solid propellant and 38 kilograms (84 pounds) of hydrazine] and during mis-
sions using a Department of Defense twin-stage IUS [19,414 kilograms (42,800
pounds) of solid propellant and 143 kilograms (316 pounds) of hydrazine].
These quantities constitut_ about 2 percent of the solid propellant contained
in the Solid Rocket Boosters and 1 percent of the hypergolic propellants
contained in the Space Shuttle Orbiter. Calculations for air quality in the
event of an on-pad fire have concluded that concentrations would be higher
than for normal launches but still within allowable limits. Because of the
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small contributionthe IUS would make to the overallair pollution,its impact
is consideredinsignificant.
D.7.2 IMPACTON WATER QUALITY. IUS operationsare not expectedto producean
impact on water quality. Accidental spills or leaks of contaminatingsub-
stances will be totally contained and appropriatelytreated. Liquid wastes
will be processedthroughexistingapprovedsystemsfor disposal. There is no
planneddischargeto the water table or to surfacewaters.
D.7.3 IMPACTON LAND QUALITY. IUS operationsare performedin existing fa-
cilitieswhich have been modifiedto meet STS requirements. Therefore,no im-
pact was imposed on land quality. A roadway extension from the Air Force
Solid Motor Assembly Building to the Complex 39 launch area has been sug-
gested,but no NASA plans exist for this construction. If this suggestionis
implemented in the future, impacts on terrain and water will need to be
assessedas part of the decisionmakingprocess.
D.7.4 IMPACTON NOISE LEVELS. Noise will consist of that producedby assem-
bly and mating activities,lifting devices, and operations using small hand-
tools. No adversenoise impactsare expectedto resultfrom normal IUS opera-
tions.
D.8 AUTOMATEDPAYLOADOPERATIONS
Due to the diversity of payload types, their physical configurations,com-
pounded by lack of firm data for many payloadsnow only in early development
stages,definitivedata are minimal. As noted in sectionI, programmaticim-
pact statementsfor these elements are the responsibilityfor NASA Headquar-
ters, Washington,D.C. or the NASA Field Center responsiblefor program de-
velopment. However, availableinformationfor early payloads indicatesthat
future payloads will be very similar to past and present payloads flown on
expendable launch vehicles,and planningat KSC has proceededon that basis.
The facilitiesalready availableat KSC and CCAFS have been modified to the
extent requiredfor payloadprocessingand no new facilitieswill be required.
Therefore,there are no impactson land quality. Except for hypergolicfuels
and toxic chemicals for pointingand stabilizationsystems, payloads will be
essentiallypassive,contributingno environmentalimpacts. The Teleoperated
Retrieval System (TRS) envisioned for free-flying STS missions will use
hydrazinefor propulsion,but processingwill be accomplishedin the VPF, as
is now plannedfor Upper Stages. No additionalimpactsare expected.
Common laboratory solvents and cleaning fluids, compressed (shop) air, and
gaseousnitrogenare typicalof the consumablesinvolvedwith payloadprocess-
ing, and no significanthazardsare associatedwith these substances. The use
of Freon ll3 for cleaning imposes a minor impact on local air quality, but
quantities are very limited. Moreover, plans for improved recovery systems
are under investigationto mitigateeffectsfrom even these small amounts. No
other impacts to air quality, water quality, or noise level beyond those
associatedwith light industrialactivitiesare expectedat KSC.
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COMMUNITYCLASSIFICATION REFERENCESTANDS
The distribution of major plant community types on Herritt Island and Cape Ten permanent vegetation stands representing the major vegetation types on Herritt Island
Canaveral appears as a complex mosaic. Upland communities are classified as: were selected and extensively sampled over a 3-year period° Species detail within these
hammocks, pine flatwoods, coastal scrub, coastal strand, ar_ coastal dunes, stands gives a good indication of the vegetation whidh actually occupies the island.
Citrus groves are also designated among the upland sites, Wetlands are noted
as of two general types, wetlands dominated by woody plants (swamp) and wet- I. Volusia Pineland (north of KSCboundary and not included on this map) has a mixture
lands dominated by nonwoody plants (marsh). of 29 species_ five of the six leading dominants are shrubs (i,eo, fetterbush and
oak)° Slash pine is the primary overstory species and wire grass dominates the herb
Hammocksare forests primarily dominated by broad-leafed evergreen trees. A Iayero
well-developed tree layer_ usually consisting mostly of live oak and Sabal
palm, is always present. A shrub layer varying in height from 0.5 to 3 meters 2o Juni_pe_ Hammockhas a relatively low number of plant species. The herb layer is
is present, An herb layer may or may not be well developed; however_ some dominated by sedges and grasses. The tree and slhrub layers consist mostly of holly,
herbaceous plants are always present, Sabal palm_ hickory_ live oak_ and juniper°
Flatwoods are usually dominated by a tree layer of slash pine, However, in 3o Route 3 Hammockhas a relatively large number (63)of plant species. Wild coffee,
areas such as the central portion of the island, the tree layer may be ab- Virginia creeper_ poison ivy_ muscadine_ and greenbrier are major contributors to
sent° The shrub layer is dominated by saw palmetto but has several additional the shrub layer° Live oak and Saba! palm dominate the tree layer° _lismenus is
woody plant species° A weIl_developed herb layer is present, the principal constituent of the herb layer°
Coastal Scrub is an impenetrable thicket of woody plants dominated by myrtle 4° Wisconsin Village has a lack of pronounced dominance among its 37 species° A single
oak° It appears as one layer varying in height from 1 to 3 meters° Little large slash pine exists in the area along with several seedlings° Wire grass_ fet-
herb layer vegetation is present° terbush_ saw palmetto_ and dwarf live oak are the most co_on plants at the site°
Coastal Strand is a dense thicket of woody plants usually dominated by saw 5° Route 3 Scrub contains 27 different species° _rtle oak, blueberry_ and saw pal-
° _ mec_eso Host of _,ne species are typical scrub species_palmetto Its profile is a single layer from i to 4 meters in height, the men.to are the dominant s0_ < but
shrubs on the eastern margin usually are hedged by the salt spray, a few are characteristic of flatwoods (ioeo_ fetterbush and tarflower)o
Coastal Dune is a single layer of grass, herbs_ and dwarf shrubs and is con_ 6° _y Creek Scrub is conspicuously dominated by myrtle oak, Other shrubs which are
fined to the front of the primary dunes. It exists completely within the salt promlnent are fetterbush, huckIeberry, and blueberry. Wire grass dominates the herb
spray zone, and sea oats is the most obvious species present, layer and tarflower, a plant characteristic of flatwoods, is common°
Citrus Groves are the only agricultural areas that exist within the KSC 7o Ha_p_yHammockhas the most numerous (76)species of all the stands examine, The
boundaries, herb layer is poorly developed and is largely dominat_ by ferns and grasses. A
dense shrub layer is present and is predominantly wild coffee and _rsine° The tree
Swamps (wetlands- woody cover) are areas adjacent to the marshes and are dominants are Sabal palm, lancewood, and live oak.
characterized by woody shrubs and trees. The mangroves are included within
the vegetation type. 8. Head_rters Pine]and is a fairly typical flatwoods area which has a sparse over-
story of slash pine° The shrub vegetation is dominat_ by saw palmetto, fetterbush_
Marshes (wetlands - nonwoody cover) are extensive areas of grass and herbs scrub live oak_ and myrtle oak. Wire grass and tarflower are the primary herb
which occur in soils saturated with water° Spartina marsh is a major constit- species°
uent of this vegetation type° During wet times of the year_ some of these
areas are covered with standing water° 9. Beach Grid is a primary dune community dominated by sunflowers_ Heterotheca sub-
axi!lari2_ and sea oats° Host of the 26 species found in the area are herbs° Other
Ruderal are disturbed areas around structures and facilities and are main- commonherbs are several grasses_ sand Atriplex_ morning glory vines, and Croton.
tained by man° They are predominantly composed of cultivated grasses, herbs,
and in some cases, shrubs and trees. 10o Dune Scrub Grid has myrtle and live oak as the dominant species. The shrub layer is
very dense and_ in addition to the above 2 species, is primarily composed of saw
palmetto_ rosemary, blueberry, and fetterbush°
